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SECTI ON |

SH P PRODUCI BI LI TY

RESEARCH PROGRAM




1.1 H story of the Ship Producibility Research Program

Fol | ow ng enactnent of the Merchant Marine Act, 1970, the
Nat i onal Shi pbuil di ng Research Program was established by the
Maritime Adm nistration. Provisions of this legislation charged
the Secretary of Commerce with the responsibility to “collaborate
with. .. .shipbuilders in developing plans for the econom cal con-
struction of vessels” (Section 212(c)). The shi pbui |l di ng i ndus-
try direction for the programis provided by the Ship Producibility
Program under Bath Iron Wrks. This programis responsible for
the cooperative industry program to develop inproved technical in-
formati on and procedures for use by U S shipyards in reducing
the cost and tinme for building ships. Recently this directive has
been made nore specific by the Ship Production Committee
asking Bath Iron Wrks to:

* assist US. shipyards in the devel opnent and inpl enen-

tation of an inproved industrial engineering capability

* assist U S. shipyards in fornulating national standards
for shipbuilding

To initiate the cooperative industry program in industrial

engi neering the Maritine Admnistration, in conjunction with Bath

Iron Works, held a three-day planning workshop with the represent-
atives of 23 U.S. shipyards in Atlanta, Ceorgia, on February 21
t hrough February 24, 1978. The AIIE assisted in the preparation

for and conduct of this workshop.
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The following is a report of this initial program planning
wor kshop in which the problens to be addressed by the program were
identified, sone prelimnary projects for cooperative devel opnent
were specified, and the industry organization for directing and

noni toring the program was established.

1.2 Wor kshop Pur pose and Approach

The purpose of the workshop was to bring together a repre-
sentative mx of industry experts to ascertain the degree of com
non problenms within the industry and to nake reconmendati ons as
to what cooperative action mght be taken to resolve these prob-
| ems. Four discussion groups were forned to establish the state-
of-the-art in their respective areas, identify econom c problens,
and recomend action; and thus inprove industry’'s ability to re-

duce cost and reduce construction time. These groups were:

Production Pl anning, Scheduling and Control
Met hods and St andar ds
Facility Planning and Engi neering

Quality Control/Quality Assurance
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2.1 Panel |, Production Planning, Scheduling and Contro

Chai r man
Ben Martino, Chief, Industrial Engineering
& General Hull Superintendent
Li vi ngst on Shi pbui | di ng Conpany
Resour ce Panel Menbers;
Philip Dlloway, Associate Professor
of Industrial & Managenent Engi neering
Uni versity of Bridgeport
Johnny R Meyers, Director-Resource Devel opment
Anerican Airlines, Inc.

2.1.1 Panel (bjective

The purpose of this panel is to assess the state-of-the-
art of production planning, scheduling, and control practices in
t he shipbuilding industry, and to define and describe those areas
wherein the devel opnment of inproved practices would be of benefit

to the industry.

2.1.2 Proposed Wrkshop Sessions (Used as a guide)

Session 1. Assess the state-of-the-art production contro

practices and techni ques used in the shipbuil d-

ing industry.

Session 2. Review and anal yze the basic nethods and prac-

tices used in controlling and coordinating

the processing and production operations wthin

the shop areas.

Session 3. Revi ew and anal yze the basic nmethods and prac-
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tices used in controlling and coordinating

the processing and construction activities

within the yard areas of the shipbuil ding

i ndustry.

Session 4. Revi ew and anal yze the conpatibility of both

shop and yard production control and schedul -

ing practices to assure proper integration of

the total shipbuilding process.

2.1.3 Panel | Discussion ltens

A wi de range of discussion-itens was covered by each of the
groups conposing Panel |I. Wth the objective statenent in mnd,
the participants proceeded to share their thoughts with regard to
current practice and to those concerns that seened to hanper the
ef fectiveness of a production planning and control system

A nunber of these discussion itens enconpassed a broad im
pact area within the industry where production planning, scheduling
and control was only one affected area. Qher itens were quite
narrow y discussed with focus on production planning and control.
These discussion itens, nmany in the form of questions, are reported
for information and further discussion purposes.

1. The U.S. shipyard would find it valuable to have a pro-

cedures manual for production planning and control. Such a

manual should contain useful general information and outline

accepted procedures, but be designed in such a way that the

i ndi vi dual shipyard could include data and sections specific

to their operations.

2. Al'l shipyards should have systens avail able which could
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be used to nonitor progress and assist in shop control.

The enphasis should be on systens that are easy to under-
stand by know edgeabl e shipbuilders as well as inexpensive
to inplenent, operate, and maintain.

3. Standard test, inspection and acceptance procedures
shoul d be devel oped which are acceptable to the Anerican
Bureau of Shipping, the Coast Guard, the Navy, and the
Maritime Adm nistration. The intent would be to mnimze
redundancy of these functions and to minimze production in-
terruptions and del ays.

4. Shi pyards shoul d have better data and nethods of an-
alysis in maki ng nmanagenent decisions relative to the use
of overtine for schedule recovery. Particular attention
should be given to determning, in advance, the effects

on absentee rate, general norale, and work quality.

5. The practice of using unrealistic production schedul es
to force productivity should be investigated to determ ne
the detrinmental effects on worker performance and over-
crowdi ng of schedul ed events in the |ater stages of con-
struction.

6. Engi neeri ng standards for production should be devel -
oped , particularly in piping, electrical, machinery, paint-
ing, and surface preparation.

7. I nvestigation should be conducted to assist shipyards
in determning optimum |l evels of pre-outfitting for diff-

erent ship types. These studies should be conducted relat-
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ing the functions done by engineering, production planning
and net hods engineering, as well as the normal production
and service functions.

8. Attenpts should be made to provide shipyards with in-
formation relative to the production inpact of nandatory
Federal prograns on safety and health, the environnent,

and hiring practices. The possibility of cost-shared train-
ing progranms needed to inplenment these prograns should be

i nvest i gat ed.

9. Prograns whi ch address the nmeans needed to inprove
work force notivation, worker norale, and worknmanship should
be investigated for inplenmentation in shipbuilding.

10. There is a great deal nore that both the shipbuil der
and its custonmers need to know about the total inpact of
contract changes. Effort should be nmade to raise the |evel
of prior understanding of these effects in the interest of

i mproving the contract environnent of the parties.

11. The interface between engineering, production planning,
and production operations needs to be inproved. Pr obl ens
continue to arise when the managenent of any of these func-
tions attenpts to solve local problenms in a unilateral man-
ner without full appreciation of the adverse inpact of its

sol utions on other functions.

Fol | ow ng di scussion, an effort was nmade to focus upon the
identification of research tasks. These are reported in the next
section using the specified format of problem area description,
obj ective and end product specification.
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2.1.4 Panel |

Research Task Descriptions

Pr obl em Ar ea

(hj ecti ve

End Product

Lack of clarity across
the industry in the re-
sponsi bility, authori-
ty and interface func-
tions of production

pl anni ng, schedul i ng
and control

How to structure and

i mpl emrent an effective
producti on pl anning
and control system

whi ch mnimzes organ-
i zational conflict

Managenent trai ning
needs for upper, md-
dl e and supervisory

| evel enployees in the
i ndustry
Manpower, schedul i ng

and time standards are
usual Iy devel oped from
a single paraneter for
conveni ence

Lack of flexibility
of current manua
undi sci pl i ned sche-
duling anal ysis sys-
tens. Inability to
schedul e and all o-
cate nmanpower

Define and clarify
t he production con-
trol function in
the industry

Survey the indus-
try, to exam ne
and describe the
phi | osophi es and
organi zati ona
structures used and
found effective in
i mpl ementing the
functions

| npart nmanagenent
conmuni cati on
skills in dealing
with a task-orient
ed work group

To develop a series
of engineered tine
standards from a
mul ti - par anet er

dat a base
Search for the
best avail abl e,

conpr ehensi ve ap-
proach and devel op
system for the in-
dustry

[1-5

A report detailing
systens which have
been tried revealing
strengt hs and weak-
nesses wth recomm
endations for an im
pl ement abl e pl an

Conpr ehensi ve pro-
gram of sem nars,

wor kshops, on-the job
training, etc. with

i ndustry personnel as
instructors

Set of engineered
time standards:

a. Identify relative
wei ghts  of the
paraneters in the ov-
erall standard

b. Assessnent of
accuracy

C. Identify particu-
| ar yard conditions
needi ng further study
and i nprovenent

An inproved approach
usi ng the best of
nodern technol ogy

vari ous



2.1.4 Panel |

Pr obl em Area

hj ecti ve

Research Task Descriptions (continued)

End Product

Di sruption and cost
overruns caused by
change orders

Engi neeri ng devel op-
nment and the need for
material ordering, man-
ufacturing and constr-
uction lead tines to
be satisfied

Pre-outfitting and
group technology im
pact upon cost reduc-
tion

Wrk force norale, no-
tivation and collective
bar gai ni ng

To review current
systens and proced-
ures to determne
how changes are

handl ed. To gain
insight into the
cost and inpact of

the change in a
nore timely manner.
I nclude all approp-
riate costs in
change order pric-

i ng

Synchroni zati on of
engi neering design
with production

pl ans for material,
| abor, and facili -
ti es schedul es

To inprove engin-
eering design for
nodul ar construc-
tion and pre-out-
fitting. To en-
courage the group-
ing of like parts
into “famlies”
for production

To use collective
bargaining in a
creative manner to
address those con-
straints which give
rise to | ower work
force productivity
in the shipyards

[1-6

Shi pbui | di ng produc-
tion control proced-
ure description for
proper pricing and
cost tracking

A schene to provide
accurate draw ngs,
and hence other pro-
duction needs e.g.
materials, in a
timely manner

A report detailing
the use of such ap-
proaches in the in-
dustry and incorp-
orating recomenda-
tions for further
advances

Report on the guide-
I i nes and approaches
for |abor-managenent
negoti ations that
woul d enhance the
ductivity objectives
of the industry.

pro-



2.2 Panel |1, Methods and Standards

Chai r man

John Harvey, Manager of Industrial Engineering
Bath Iron Wrks Corporation

Resource Panel Menber

Joel Borden, Joel Borden Associ ates

2.2.1 Panel bjective

The purpose of this panel is to assess the state-of-the-art
of methods and standards activities in the shipbuilding industry,
and to define and describe those areas in the industry wherein the
devel oprment of inproved nmethods and standards practices woul d be

of benefit to the industry.

2.2.2 Proposed Wrkshop Sessions (Used as a guide)

Session 1. Assess the state-of-the-art of nethods and stand-

ards practice in the shipbuilding industry, in-

cl udi ng methods inprovenent prograns, methods

control practices, and the application of work

standards to process, production, and construc-

tion operations in that industry.

Session 2. Revi ew and anal yze comon practices in the anal -

ysi s, inprovenent, standardization and control

of process, production, and construction mnethods

in shop and yard operations of the shipbuilding

i ndustry.

Session 3. Review and anal yze the devel opnent and application

of inported or engineered work standards to the
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process, production and construction operations

wi thin the shipbuilding industry.

Session 4. Revi ew and anal yze | abor productivity in the

shi pbuil ding industry with reference to the

application of work standards and wage incen-

tives. Identification of |ow |labor productiv-

ity/high cost areas as candidates for inprove-

nment .

2.2.3 Panel Il D scussion ltens

The panelists concentrated upon clarifying their problens
in this area. This “problem - centered” approach quickly led to
identification of those areas where the problens were
common t hroughout the industry. Therefore, the discussion itens
for the Wrk Methods and Standards Panel contain the follow ng
concerns:

1. Managenent has little or nothing upon which to eval u-

ate the benefits of a work neasurenent and work standards

program Is there a cormonly held belief as to how to
justify such progranms to hi gher nanagenment or an approach

that woul d indicate such prograns were not justified? A

common justification for presenting the benefits to be de-

rived froma work measurenent and work standards program
for presentation to all levels of managenent should be es-

t abl i shed. This study should include several case studies

and be prepared using shipyard term nol ogy.
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2. Lack of a recording system for performance which ag-
gregates information beyond the single standard level in a
shop . For large yards such a system nay require a conputer
to aid in the storage and analysis of the data for nanage-
nment to use for nonitoring and control purposes.

3. Are there comon approaches to devel opi ng shi pbuil d-
ing standards? How should a program begi n?; what should be
its objectives?; what criteria should be used to determne
an initial standard - setting |ocation?;, how should stan-
dards be installed, controlled and recorded? These are al
guestions that arise in the context of standard devel op-
ment efforts.

4. The volune of data in the standards area for a |large
shipyard is significant. Can conputer systens aid the
solution to this problemon a conmmon basis across the in-
dustry?

5. Training in |E for nmanagenent and supervisory per-
sonnel mght significantly aid the perfornmance of the IE
functions by building awareness of the goals, tools and
personnel involved in IE work in shipbuilding. Training

t hose responsible for performng IE functions would serve
to keep them up-to-date with nodern | E technol ogi cal ad-
vances.

6. Basi ¢ work measurenent systens design is an area of
concern at least regarding the state-of-the-art in ship-

yar ds. Is there a standard approach and should synthetic
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or nmeasured standards be used in the shipyards? This arises
the kind of question in need of a response.

1. Anal ysis of incentive and neasured work systens is
needed to evaluate the advantages and di sadvant ages of
each approach with respect to shipyards.

8. A survey of the tools used in work neasurenent and
standard setting for methods analysis would give insight
into the state of practice in this area which mght indi-
cate the need for refresher training prograns or reference
docunent preparation.

9. The organi zational level, responsibilities and auth-
ority of IE functions in the industry need to be exam ned
with guidelines developed as to effective organizationa
features for the industry to follow A reconmended or-
gani zation of a typical I|E departnent, including organi-
zational level and responsibilities, as it would function
in a shipyard shoul d be devel oped.

10. A survey of the tools used and the procedures fol -

| oned by shipbuilders for nethods anal ysis concentrating

on the first phase analysis tools used at the aggregate
shipyard level and on the second phase analysis tools used

for detailed problem areas needs to be perforned.

11-10
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2.2.4 Panel |1l

Research Task Descriptions

Pr obl em Ar ea

(hj ecti ve

End Product

The organi zati on and
coordi nation of I|E
functions such as esti-
mating, facilities

pl anni ng, QC, work
nmeasur enent . Level of
IE functions in the or
gani zati on

Concurrence on the ob-
jectives of a work
measur ement program in
terns of goals and
appr oach

Under st andi ng on the
part of supervisory
managenent of the tech
ni ques used and bene-
fits derived from work
nmeasur ement and met hod
anal ysi s

Labor costs and tine
associ ated with devel -
opi ng and using en-

gl neered standards to
their greatest poten-
tial

Effective time report-
ing and time accountir

To provide an ob-
jective view of the
interrel ationship
between I E func-
tions, many of
which are current-
l'y being perforned
under other titles
pointing toward a
concept as to how
the IE functions
shoul d be organi zed
and coordi nat ed,
nature of authority
etc.

To establish a gen
eralized approach
toward establishing
and inplementing a
effective standard
program

To inprove under-
standi ng and rap-
port between engi-
neeri ng and nmanage
nment with regard
to devel opi ng and
usi ng work nethods
and work measure-
nment anal ysi s

t echni ques

To study autonated
nmeans of control -
[ing, maintaining
and using standard
data and work
neasur enent st an-
dar ds

To provide all lev
el s of managenent

[1-11

Descriptive report
with specific re-
conmendat i ons

A report which

serves as a general
gui de or procedures
manual on how to es-
tablish a well-con-
si dered wor k neasur e-
nent program

Trai ni ng prograns

Report anal yzing cur-
rent technol ogy capa-
bilities and recom
mendi ng approaches to
foll ow

An early detection
systemto mnimze



2.2.4 Panel 11

Pr obl em Area

(hj ecti ve

Research Task Descriptions (continued)

End Product

syst ens

Devel opi ng sunmary | ev
els of cost informa-
tion, escalating from
wor kK nmeasur enent dat a,
sui table for use by
various |evels of man-
agenent

Under st andi ng t he ap-
plication of various
net hods anal ysis tech-
ni ques to different
shi pyard operations

with a neans for
detecting and pin-
poi nting production
difficulties for
corrective action

To establish a
bui l di ng bl ock con
cept froma solid
base of work neas-
urement standards
to be used for es-
ti mati ng and bid-
di ng new jobs; es-
tablishing facili-
ty, equipnent, too
and personnel
needs; the basis
for capability and
capacity anal ysis

To illustrate the
application and

ef fecti veness of
such net hods anal -
ysi s techniques as
Fl ow Process
Charts, Flow D a-
granms, Miltiple
Activity Chart,
Qperation Chart an
Left and Ri ght Hand
Charts

[1-12
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An integrated man-

agenent system for
storing and re-
trieving work neas-
urenent information

Denonstration pro-
ject and training



2.3 Panel 111, Facilities Planning and Engi neeri ng

Chai r man

Ri chard Price, Chief Industrial Engineer
Avondal e Shi pyards

Resource Panel Menber
Harry MCaffrey, Director, Facilities Planning

& Design
Dow Chemni cal Co. U. S A

2.3.1 Panel niective

The purpose of this panel is to assess the state-of-the-art
of facilities engineering practices in the shipbuilding industry,
and to define and describe those areas wherein the devel opment of

i mproved practices would be of benefit to the industry.

2.3.2 Proposed Wrkshop Sessions (Used as a gui de)

Session 1. Assess the state-of-the-art of facilities en-

gineering in the shipbuilding industry including

nmet hods and practices used in plant and facility

| ocation, layout, design’ and capacity analysis,

equi prent and nmachine | ocation, work center |o-

cation and departnentalization, materials and

work flow control, materials handling equipnent,

war ehousi ng, work crew facilities and work en-

vironnent, and systens for naintaining plant

and facilities.

Session 2. Review and anal yze the basic process and pro-

duction flow patterns, and the thru-put there-

from for the shop operations of the shipbuil ding

[1-13



Sessi on 3.

Session 4.

i ndustry. Consi deration to be given to probl ens

in materials handling, materials control, in-

process storage, warehousing, facility and

machi ne utilization and other factors affecting

the efficient conduct of operations in the shop.

Del i neation of najor inprovenents needed in the

design |ayout, equipping, and mai ntenance of shop

facilities.

Revi ew and anal yze the basic staging patterns,

construction sequencing practices, naterials

flow patterns, and general |ayout of shipyards

and peripheral facilities. Consideration to be

given to materials and equi pnent handlinqg,

crew interference and work del ays brought about

by lack of availability of equipnent or nater-

ials in ship construction operations. Delinea-

tion of major inprovenents needed in the design,

I ayout, equi ppi ng and mai ntenance of shipyards.

Revi ew and anal yze the considerations and just-

ifications required for facility renovation and

new equi prent acquisition in the shipbuilding in-

dustry. This is to include consideration of

problens in capital formation and requirenents

for investnment pay-back. Del i neati on of possi-

bl e inprovenents or changes in the econom c anal -

ysis and treatnment of proposals for facility

nodi fication and new equi pment acqui sition.
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2.3.3 Panel IIl D scussion ltens

Panelists initially concentrated upon clarifying sone of
the problens which were currently troubling them It then be-
cane clear that different shipyards defined facilities planning
and engineering in different ways by electing a certain organi-
zational placenment and function assignnent. Consequently, dis-
cussion pointed toward devel oping a working definition of facil-
ities planning as a base step:

“Facilities planning is that part of the managenent func-

tions which seeks to inplenment the objectives of a business

plan by the nost effective utilization of existing material,

| abor, and plant resources in the nost efficient nanner.”
Subsequent discussion covered the following list of concerns:

1. The lack of a |ong-range business plan presented in

terns that are nost useful for facilities planning purposes;

2. Mbst shi pyards do not have experienced industrial en-

gineering staff assigned to the facilities planning function

and, as a consequence, many effective |IE techniques and pro-

cedures may not be brought to bear on the problem

3. The docunentation of facilities planning procedures

for shipyards is not consistent;

4, Advances in material handling technol ogy, |ayout and

| ocation technol ogy and other IE tools do not become known

and as a consequence are not used at a sufficiently rapid rate.
Finally, panelists were polled as to their perceptions of facili-

ties engineering capabilities and facilities and equi pnent problens.
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Al t hough not all panelists responded and not all questions
recei ved answers, the opinions expressed serve as useful
evi dence of current capabilities. These results are

summari zed in the follow ng tables:

HAVE CAPABILITY OPINION
Yes No Critical Questionable No Problem

Capacity Anal ysis

Procedures 3 1 4 1
Dat a Bank

(Production Tines) 2 1 2 1 1
Conceptual and De-

tail ed Layout

Techni ques 3 1 3 1 1
Cost Anal ysi s

Appr oaches 3 1 3 1 1
Equi prent & Facil -

ity Evaluation

Techni ques 3 1 3 1 1

Reliability and
Mai ntai nabi lity

Predictive Tech. 1 3 1 4
Updati ng Techs. 2 2 3 2
Sanpl i ng Approach-

1 2 1 3

Queuei ng Anal ysi s 2 2 1 4
Si nul ation or

Model i ng 2 2 4 1

PANEL EVALUATI ON OF FACI LI TIES ENG NEERI NG
TECHNI CAL CAPABI LI TI ES

I1-16




FACI LI TY

Access

Si ze

Vat eri al
Movenent

dimte
Envi r onnent .
Constraints

Topogr aphy/
Confi g.
Uilities

Labor Mkt.

Layout

EQUI PNVENT

Age/ Condi ti ol

SQOA Suit.

Capacity

Mai nt ai nabi | -
ity

Energy Usage

MGT. & SUP-
PORTI VE SYS.

GENERAL EVALUATI ON

I MPACT UPON FAC. PLAN.
FUNCTIONDN. CRITI(CALI TY

Mai nt enance
Pr ocur enent
Spares Pol .
Schedul i ng
Qual . Cont.
Pr oducti on
St andar ds

Accept. [ Un- Accept. Serious [ Mnor [ No Problem
5 2 1 2
5 3 2
3 3 2
5 3 1
5 2 1 2
4 1 1 3
3 1 2 2
4 3 2
3 2 1 2
3 3 1 1
3 2 1
3 2 2 1
3 1 3 1
3 3 2
4 1 4 1
4 1 4 1
5 4 1
2 3 4 1
3 1 1 2 2
3 2 2 2

PANEL EVALUATI ON OF FACILITY

AND

EQUI PMENT PROBLEMS
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2.3.4 Panel |Il Research

Task Descriptions

Pr obl em Area

hj ecti ve

End Pr oduct

Variation in the or-
gani zati onal pattern
of the facilities
pl anni ng functions
across the industry

Lack of experienced IE
staff assigned to the
facilities engineering
function

Docunentation of |E
facilities planning
and engi neering ap-
proaches in the ship-
buil di ng industry

Capacity analysis with
respect to facilities
and equi pnent

To establish an

i ndustry profile
with respect to

the facilities

pl anni ng organi -
zation including
such itens as

scope, function,

authority and re-
sponsibility, or-
gani zational | ev-

el

To inprove the
know edge and cap-
ability of staff
toward | E tech-

ni ques, advanced

t echnol ogy and eq-
ui prent, and the

i mpl ement ati on

t her eof

To devel op a com
prehensi ve descri p-
tive procedures
manual i ncl udi ng

at |east the fol ow
ing: defined step:
of the process;

nmet hodol ogy to be
used; organization
of responsibilities
and aut hority; doc-
urentation requir-
ed

To devel op a pro-
cedure which de-
termnes facilitie:
constraints within
the industry which
can be used by
each shipyard

[1-18

Definitive and de-
scriptive report of
the current industry
approaches to the
facilities planning
and engi neering
function organi za-
tion

An institutionalized
training programto
di ssem nate facili -
ties planning design
net hodol ogy and ot h-
er advances through-
out the shipbuil ding
i ndustry

Report

A definitive report
i ndicating a pro-
cedure for determ

i ning capacity con-
straints and denon-
strating its use in
a shipyard



2.4 Panel |V, Quality Control/Assurance

Chai r man

Neil M Doherty, Jr., Senior Program Pl anner
Bath Iron Wrks Corporation

Resour ce Panel Menber
Ri chard W Krause, Manager

Quality Control-Range Division
Ceneral Electric Conpany

2.4.1 Panel bjective

The purpose of this panel is to assess the state-of-the-art
of quality control/assurance practices in the shipbuilding indus-
try, and to define and describe those areas wherein the devel op-

nment of inproved practices would be of benefit to the industry.

2.4.2 Proposed Wrkshop Sessions (Used as a guide)

Session 1. Assess the state-of-the-art of quality control/

assurance practices and techniques used in the

shi pbuil ding industry to assure conpliance to

the quality standards required by that industry.

Session 2. Review and analyze the quality control/assur-

ance practices and organi zati onal approaches

used in assuring adherence to nmaterial, process

and product quality standards in the shop areas

of the shipbuilding industry.

Session 3. Revi ew and anal yze the quality control/assurance

practi ces and organi zati onal approaches used in

assuring adherence to material, process and pro-

duct quality standards within the construction
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operations of the shipbuilding industry.

Sessi on 4. Revi ew and anal yze the conpatibility of nmat-

erial process, production, and construction

gquality standards and practices within both

the shop and Yard areas of the shi Pbuil ding

industry to determ ne areas of possible con-

flict and to pinpoint areas of excessive cost

in the mai ntenance of such quality standards.

2.4.3 Panel |1V Discussion |tens

Panel discussion noved in rapid fashion to the issue of the
mul ti ple sources of docunented quality standards and the consid-
erabl e variation between these sources of standards. Docunent ed
requi rements appear in the Anerican Wl ding Society, American Bur-
eau of Shipping, U S. Coast Quard, Anerican Society of Mechanica
Engi neers, Underwriters Laboratories, U S. Public Health Service,
shi pbui l der’ s standards and contract specifications. It was not -
ed that definition of consistent quality objectives is a difficult
task in the face of this plethora of standards.

Di scussion continued with the followi ng points representing
the Panel’s focus:

1. A comon quality system docunent for the shipbuilding

i ndustry woul d be desirable. It should serve as an unbrella

docunent enabling shipyards to add their own specific nat-

erial. Item zation of required and/or desired quality func-
tions, consideration of organizational placenent, responsi-
bility and authority assignnment for the function should

al so be included;
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2. Addi ti onal definition and docunentation of standards
covering such areas as appearance, structural welds, pipe
wel ds, incomng material and structural fairness would im
prove quality standard application;

3. Devel opnent of conmon interpretations of quality stan-
dards for nunmerous areas of vessel construction would serve
to establish a common quality plane within the industry

t hereby reducing costs associated with di sagreenents over
specification and conpli ance;

4, A significant quality problem area is that of vendor
sel ection based upon ability to neet the specifications at
the quality level desired in a tinely fashion. A contrib-
utor to the problemis the snmall volune involved per | ot
hence providing little leverage. A solution to the prob-

| em should result in reducing delays due to rejects and re-
wor k of vendor materi al;

5. A review of how conpliance to standards was accom

pl i shed by shipyard panelists produced the results in the

follow ng table:

I1-21



SUMMARY

1.

DESI GN

a.
b.

Drawi ng Approval
Pr oducti on Revi ew

PRODUCTI ON PLANNI NG

oo

Establ i sh Met hods
Speci fy Equi pnent
& Qperation
Speci fy Scheduling
Speci fy Sequence
of Work

PRODUCTI ON

a.
b.

Pr ocur enent

Trai ni ng
-Training dept.
manual s, |icenses
-Soci al responsi -
bility

I nspect

Wor krmanshi p
-Motivation
- | npr ovenent
granms

- Comruni cati on

pr o-

Craft |Inspection

Pr ocedur es

- Docunent ati on

-Type of reporting

- Pl acenent of re-
sponsibility

I'V. QUALITY ASSURANCE

a.

Staff Inspection

Know edge of standards was generally
good though consideration of manufac-
turing capability by the designer

coul d be increased. Per haps a need

for a manufacturing review of the design.

Significant inmpact on quality conpli-
ance is achieved through consideration
of quality in the factors listed in the
devel opnment of a production plan. For
exanple, the quality levels to be a-
chieved in actual production in certain
areas depend upon the quality |evels
established in the tenplate naking
process.

Vendor quality is a problem area
Where wel ding-certification and |icen-
sing is required the training is per-

formed, otherwi se there are mgjor quali-
ty training needs for all levels of em
pl oyees. Legi sl ated enpl oynment practices

may cause added training needs to main-
tain workmanshi p and noral e. Per haps
speci al i zed prograns are needed.

| mprovenent prograns tend to be pointed
toward sal ari ed personnel .

Wrk force was not kept well informed of
the latest quality requirenments and cases
were also cited where supervision was
unaware as wel | .

Cenerally, the inspections other than on
the hull structure are acconplished by
the craft performng the work or by a
separate testing group. Standards and
procedures need to be devel oped
nmented. Also, the responsibility for
the defects needs to be properly placed.

and

The major function of QA departnents is
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SUMVARY

\
I nspection Proced the inspection and acceptance of the

ures hull structure. The organi zationa
Docunent ati on pl acenment, responsibility and authority
Si gn-of f Formns for this function need to be exam ned.
Staffing with qualified personnel is
i nportant - such people should have the

proper personality as well as training.
Appendi x E represents a partial sanple
of what is needed for docunenting a
qgqual ity procedure.

COVPLI ANCE TO QUALI TY STANDARDS
6. Di nensi onal control was reviewed as a sub-systemto the
Conmpliance to Standards discussion resulting in identifica-
tion of some problens in assenbly/erection with dinensiona
checks nade by crafts using nolds, tapes and surveying. There
is a need for better methods and procedures to reduce erec-
tion time and cost, and in the need to integrate dinensiona
control between structural and mechani cal system el enents
particularly in nmodular construction. Appendix E contains
a sanpl e procedural docunent.
1. A review of quality costs and the need to eval uate
total quality costs was discussed. There is an apparent
| ack of evidence of goals in this area where trade-off e-
val uati ons between prevention, appraisal and failure cor-
rection are being made. A tabulation of Sources of Qual-
ity Costs was prepared and a consensus reached that the
total quality cost was a significant percent of a firnms

total costs.
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REVI EW OF SOURCES OF QUALITY COSTS

Prevention
Design Effort
Vendor Effort
I nspection or QA Effort
Trai ni ng
Mai nt enance of Quality Standards

1. Apprai sal
I nspecti on/ Non-destructive Testing

Equi pnent and Calibration
Recor d- keepi ng
System Test

I1l. Failure
Rewor k
Wor kmanshi p
Desi gn Error
Vendor Rel ated
Scrap
Quar ant ees

Iv. Indirect Costs
Del ays
| nvent ori es
Over head

Resulting from the discussion, various research tasks
were identified. These are reported in the next section
in terms of the identified problem area, the objective of

the research effort,and the specified end product.
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2.4. 4 Panel

|V, Research Task Descriptions

Pr obl em Ar ea

hj ecti ve

End Product

D fferent approaches to
an organi zation for
guality across the in-
dustry

Lack of comonly de-
fined and docunent ed
quality standards for
appear ance, structura
wel ds, pipe welds, in-
comng material and
structural fairness as
wel | as other standards
pertaining to the hul
structure and areas

ot her than the hull
structure

Vendor quality perfor-
nmance

Wrk force capability
to neet quality perfor-
mance and managemnent
under st andi ng of QT QA,
i ncl udi ng di mensi ona
control

Need for better know
| edge of the total
gquality costs in the
shi pyard and the in-
dustry

To devel op recom

mendations for or-
gani zati onal pl ace-
ment, responsibili-
ties and authority

of the QU QA func-

tion

To devel op and doc-
ment common defini-
tions of standards.
To devel op a com
nmon quality plane
in the industry

To increase atten-
tion to quality
performance of ven-
dors. To reduce
costs due to re-

j ect delays and re-
wor k

To inprove training
and attention to
gquality within the
shi pbui I ding in-
dustry

To identify sources
of quality costs.

To devel op a pro-

cedure for eval uat-
ing the total costs
due to quality and
est abl i shing norns
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Common i ndustry
gui de docunent

St andar ds docunen-
tation report and

procedural gui de-
l'i ne
Vendor quality stan-

dards and a vendor
rati ng system

Trai ni ng program cap-
abl e of performance
at both hourly em

pl oyee | evel and man-
agenent | evel

Report specifying
cedures for shipyards
to use in determning
total costs due to
guality and establish-
ing their individua
gual ity goals.



SECTION | I

OVERALL
CONCLUSI ONS AND RECOVVENDATI ONS




On the basis of the results of the Panel’s discussion over
the two and one half day period, a nunber of conclusions and re-
commendat i ons have been prepared. The conclusions are presented

first and the recommendati ons foll ow.

3.1 Concl usi ons

The collective efforts of participants in the Wrkshop
t hrough di scussions in Panels and snaller groups point toward a
nunber of inportant concl usions.
1. Despite the wide variation in size and product m X
of the firms represented, the problens which are nost
pressing are comon to all.
2. Cooperation and exchange of ideas between shipbuil ders
and other simlar industries is beneficial and of itself.
A simlar workshop could be held on an annual basis.
3. There is an urgent need to pronote the application of
i ndustrial engineering technology w thin the shipbuilding
i ndustry.
4, It is significant that there is w de discrepancy be-
tween firms with regard to the placenent and assignnment of
duties for professional industrial engineers.
5. There is significant confusion in the industry caused
by the overlap of responsibility as reflected in shipbuild-
ing specifications between the U S. Coast QGuard, the Mari-

time Adm nistration, the Anerican Bureau of Shipping, and
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the U S. Navy.

6. There is a general |ack of docunented procedures for
managers, supervisors, and work force.

1. As compared to other industries, there is a general

| ack of structured training in all the areas covered by
the workshop. This deficiency exists for all levels of

shi pbui | di ng personnel .

3.2 Recommendat i ons

Study of the Panel recomendations and the overall Wrkshop
concl usions by the Panel Chairnen and resource people resulted in
the follow ng overall recomendations:

1. I ncreased pronotion of industrial engineering tech-

nology and its application to the shipbuilding industry

nmust take pl ace. Initial studies are required to:
Define industrial engineering and the functions per-

fornmed relating to that profession within the

i ndustry;

Identify the goals, organizational pattern, training,
background, and staffing intensities of the IE

functions;

Identify the appropriate neasures of perfornmance of

the IE functions and their applications;

Determ ne neasures for assessing cost-effectiveness

(or cost avoidance) justifications for |IE projects;
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Identify specific IE functions within Production Plan-
ning - Scheduling - Control, Wrk Methods and Stan-
dards, Facilities Planning and Engi neering, and
Qual ity Assurance.
2. Training prograns in |IE technology and its inplenen-
tation in the industry for nenbers of nanagenent, super-
visory staff, and the work force should be upgraded and i n-
tensified.
3. Better communi cations between managenent and unions
need to be established with regard to finding solutions to
probl ens of work force norale and notivation and the neans
to inprove the quality of worknmanshi p.
4. Establish a Shipbuilding Industrial Engineering Pane
(SP-8) under the Ship Production Commttee of the Society of
Naval Architects and Marine Engineers to take action on these
recommendati ons and continue the work of this conference
with responsibilities to act for the industry in coordinating
a cooperative technical programwth the Maritine Adm nis-
tration and:
a. Establish a consensus priority list of problem
areas for solution;
b. Solicit and review proposed |E research projects
whi ch address the problem areas;
c. Provide continuing program gui dance and overview,
d. Publish and dissem nate research results to the
i ndustry and aid in the understandi ng of such re-

sults;
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Maintain a flexible and continuing program with
built-in redirection capability to address new
probl ens as they arise;

Mai ntain an up-to-date awareness of shipbuil ding
technol ogy and industrial engineering technol ogy;
Schedul e annual technical neetings for industria
engi neers in shipbuil ding;

Devel op and organize a program of training for

shi pyard managenent and industrial engineering.
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APPENDIX A

WORKSHOP REGQ STRATION LI ST




REQ STRATI ON LI ST
Al'l E Shi pbuil ding Industrial/Production Engi neering Wrkshop
February 21 - 24, 1978

Atlanta, GCeorgia

ACTON, Janmes B. Seni or Industrial Engineer
Nati onal Steel & Shipbuilding Co.
Har bor Drive @ 28th Street
San Diego, CA 92138 (714) 232-4011

Al KEN, Roy Pl anni ng Manager
Bay Shi pbuil di ng
Sturgeon Bay, W 54235 (414) 743-5524

ARAI, Joji Manager, Japan Productivity Center
Suite 735, 101 Connecticut Ave., N W
Washi ngton, D.C. 20036 (202) 331-1533

BELDEN, David L. Executive Director
American Institue of Industrial Engineers,
Inc. , 25 Technol ogy Park/Atl anta

Norcross, GA 30092 (404) 449-0460

BLACKBURN, M ke Manager of Industrial Engineering
Sun Shi pbui I ding & Drydock Conpany
Foot of Morton Avenue
Chester, PA 19013 (215)876-9121

BLAI'S, David I ndustrial Engineer
Bath Iron Wrks Corporation
700 Washi ngton Street
Bath, ME 04530 (207) 443-3311

BLASKO, G J. (Jerry) Production Engineer, Dravo Corporation
4800 Grand Avenue
Pittsburgh, PA 15225 (412) 771-1200

BO SARD, Jean-Pierre Davi e Shi pbuil di ng, Ltd.
P. O Box 130
Leui s Quebec
Quebec, CA. GBV6N7 (418) 837-5841

BONTADELLI, Janes P. Chief, Industrial Engineering Staff
Tennessee Valley Authority
319 MIler’s Building
Knoxville, TN 37092 (615) 632-2044

BORDEN, Joel Joel Borden Associ ates
763 Gl bert Place
Valley Stream Ny 11581 (516) 791-2277



BRAYTON , W.C.

CH RI LLO,

CLARK, R T.

COSTAS, Andrew N

DEHNHARDT, Marvi n

DENT, WIIliam

DeVORE, John C.

DICKIE, H Ford

DI LLOMY, Philip

DOHERTY, Nei |

Assistant to Ceneral Manager

Bet hl ehem Steel Corporation

Sparrows Poi nt Shipyard

Sparrows Point, w 21219 (301) 477-6358

Commander, Conmmandant (G M -1)
U.S. Coast Guard H Q
Washi ngton, D.C. 20590

Research & Devel opnent Program Manager
Todd- Paci fic Shi pyards Corporation
P.O Box 3806

Seattle, WA 98124 (216) 623-1635

Manager, Quality Assurance
Newport News Shi pbuil di ng
4101 Washi ngton Avenue
Newport News, VA 23607

Director, Industrial Engineering
United States Steel Conpany

600 G ant Street, Room 250
Pittsburgh, PA 14230 (412) 433-2614

Manager, |ndustrial Engineering
Lockheed Shi pbuil ding & Construction Co.
2929 - 16th Avenue, S. W

Seattle, WA 98134 (206) 292-5954

Production Pl anning Manager - Madisonville
Pl ant, Equi t abl e Shi pyards, Inc.

P.O Box 8001

New Ol eans, LA 70182 (504) 947-0631

Assistant Editor, |ndustrial Engineer
American Institute of Industrial Engi neer s~
Inc. , 25 Technol ogy Park/Atl anta

Norcross, GA 30092 (404) 449-0460

Consul tant, National Center for Productivity
Crescent Road
Ri verside, CT 06878 (203) 637-9847

Associ ate Professor of Industrial

Engi neeri ng, Uni versity of Bridgeport
Col | ege of Engi neering

221 University Avenue

Bri dgeport, CT 06602 (203) 576-4106

Seni or Program Pl anner

Bath Iron Wrks Corporation
700 Washington Street

Bath, ME 04530 (207) 443-3311



EURE, Charles H., Jr.

EWNG HC, Jr.

FLESHVAN, Roy, Jr.

FOSTER, L. W

FULTZ, Benjanmin S.

GARDNER, Honer

GARVEY, J. Jack

GRANT, Jim B.

GRAVES, Robert J.

@Rl FFI THS, Fr ank

CRI MSLEY, Ceorge D.

Vi ce President

Nor f ol k Shi pbui |l di ng & Drydock Corp.
P. O Box 2100

Norfol k, VA 23501 (804) 545-3551

Director, Production Planning & Analysis
Newport News Shi pbuil di ng

4101 Washington Ave., 081, Building 520
Newport News, VA 23607 (804) 380-4526

Manager of |Industrial Engineering

Jef fboat, |Inc.

1030 East Market Street

Jeffersonville, IN 47130 (812) 288-0501

Group Manager, Industrial Engineering
Ingal I s Shipbuilding D vision

P.O Box 149

Pascagoul a, M5 39567 (601) 769-5535

Manager, Paints and Coati ngs

O fshore Power Systens

P.O Box 8000

Jacksonville, FL 32211 (904) 751-3400

Head of Quality Control

Jeffboat, Inc.

1030 East Market Street

Jeffersonville, |IN 47130 (812) 288-0312

Manager, Shi pbuil ding Research Program
U S. Dept. of Commerce

Maritinme Admnistration

Washi ngton, D.C 20230 (202) 377-4963

Staff Industrial Engineer

American Institute of Industrial Engineers
25 Technol ogy Park/Atl anta

Norcross, GA 30092 (404) 449-0460

Assi stant Professor, Georgia Tech.
School of Industrial and Systens Engi neering
Atlanta, GA 30332 (404) 894-2364

Sun Shi pbui l ding & Drydock Conpany
Foot of Mbrton Avenue
Chester, PA 19013 (215) 876-9121

Manager Construction Trades

Newport News Shi pbuil di ng

4101 Washi ngton Avenue

Newport News, VA 23607 (804) 380-2626



Vice President, H B. Maynard & Conpany
HAGERTY, WL 60 East 42nd Street

New York, Ny 10017 (212) 697-0924

Facilities Engi neer
HARTMANN- HANSEN, - T. Bet hl ehem Steel Corp. - Shipbuilding
1084 Martin Tower

Bet hl ehem PA 18016 (215) 694-3097

HARVEY.  John Manager, |ndustrial Engineering
' | ndustrial Engineering Departnment
Bath Iron Wrks Corporation
700 Washington Stre
Bath, ME 04530 (207) 443- 3311

Manager, Industrial Engineering Consulting
HEIST, Harry H CGeneral Electric Conpany
Bui Il ding 4, Room 102
One River Road
Schenectady, Ny 12345 (518) 385-2956

HELM NG, Janes R Proj ect Engi neer

Bath Iron Wrks Corporation
700 Washington Street
Bat h, ME 4530 (207) 443-3311

H G NS, James Deputy Assi st ant Adm ni strator for

Commer ci al Devel opnent - U S. Dept. of Conmerce
Maritinme Adm nistration

Washi ngton, DC 20230 (202) 377-3870

HQ DCAA - Washington
HoHw, - Geor ge Caneron Station
Al exandria, VA 22314

JENSEN, Charles W Manager, Production Control

Nati onal Steel & Shipbuilding Conpany
P.O Box80278

lélzllrnbcl)jri egol,ve & 5§&§8Stgﬁezb 232- 4011

Manager, Purchasing/ Major Appliance
KEHLBECK, Joseph H. BUS| %ess & oup - General e R A S mpany
Bui l ding 1, Room 227
| iance Park
ﬁg& sville, Ky 40225 (502) 452-4898

: Chi ef Industrial Engineer
KOEHLI NG Davi d Bay Shi pbui | di ng
Sturgeon, Bay, W  (414) 743-5524

; Manager, Quality control
KRAUSE, R chard Ceneral Electric Building

|'i ance Park
ﬁgﬁ. sville, KY 40225 (502) 452-3953

- Range Division



KUFFSKIE, G M Manager, Estimates & Budgets
Ingalls Shipbuilding Division
P.O Box 149
Pascagoul a, M5 39567 (601) 769-5732

LARUE, Cyde B. President, Truan, Inc.
71 Croatan Road
Newport News, VA 23606 (804) 596-6740

LEAKE, C. S Chief Facilities Engineer
I ngal I s Shi pbuil ding Division
P.O Box 149
Pascagoula, M5 39567 (601) 769-3481

LEVI NE, Zelvin Director, Ofice of Advanced Ship
Devel opnent - u. S. Maritime Adm nistration
Code M 920, Room 4610
Washington, D.C. 20230 (202) 377-3870

MAI ER, Charles S. Manager, Central Pl anning
Anmeri can Shi pbui | di ng Conpany
400 Col orado Avenue
Lorain, OH 44052 (216) 288-1234

MANNI NG Thonas D. Manager LHA/ DD Pl anning & Schedul i ng
I ngal I s Shi pbuil ding D vision
P. O Box 149
Pascagoul a, M5 39567 (601) 769-5540

MARTI NO, Benj amn Chi ef Industrial Engineer & Ceneral
Hul I  Superi nt endent
Li vi ngst on Shi pbui | di ng Conpany
P. O Box 968
Orange, TX 77630 (713) 883-3521

MCCAFFREY, Harry Dow Chem cal, USA
826 Buil ding
Mdland, M 48640 (517) 636-3678

MERZ, Charles F. Manager, Systens & Pl anning
Canpbel | Industries
P.O Box 1870
San Diego, CA 92112 (714) 233-7115

MEYERS, Johnny R Director - Resource Devel opnent
Anerican Airlines, Inc.
Mai nt enance & Engi neering Center
Tul sa, OK 74151 (918) 836-5511

MONRCE, Harry, Jr. Newport News Shipbuilding & Drydock Conpany
4101 Washi ngt on Avenue
Newport News, VA 23607 (804) 380-3739



MUNDEL, Marvin E. M E. Mundel & Associ ates
821 Loxford Terrace
Silver Spring , M (301) 593-2397

MUNGER, Francis X Mar Ad Program Manager
Bath Iron Wrks Corporation
700 Washington Street
Bath, ME 04530 (207) 443-3311

NARASI VHAN, C.S. Facility Manager
Jeffboat, Inc.
1030 East Market Street
Jeffersonville, IN 47130 (812) 288-0450

QAKS, WIliam Navy Products Engineering Services Ot.
Headquarters, Naval Material Comrand
DLA/ PESO Caneron Station
Al exandria, VA 22314

PARKS, Andrew Assi stant Manager, Planning Depart nent
Al abanma Dry Dock & Shipbuil di ng Conpany
P. O Box 1507
Mobile, AL 36601 (205) 690-7110

PATTERSON, Ji my S. Production Control Manager
Nashvill e Bridge Conpany
P. O Box 239
Nashville, TN 37202 (615) 244-2050

PETERSON, El |l sworth Presi dent, Peterson Builders, Inc.
101 Pennsyl vani a
Sturgeon Bay, W 54235 (414) 743-5577
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Pascagoul a, MBS 39567 (601) 769-5810

PLATT, Louis M Manager, Production Pl anning
Zi gl er Shipyards, Ltd.
P.O Box 1190
Jennings, LA 70546 (318) 824-2210

PREZBI NDOABKI , WAl t er Pl ant Engi neer, New Ol eans Pl ant
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P.O Box 50280
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Director of Manufacturing Services
Jeffboat, Inc.
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Nashvill e Bridge Conpany
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WORKSHOP  AGENDA

FI RST DAY ( TUESDAY, FEBRUARY 21)

Registration......... ... ... .. . . . .. .. .. ... ... 4:00-8: 00 pm
Reception...... ... ... .. . . . . . . . . .. 6: 00-7: 00

Wor kshop Panel Chairnen and Resource Personnel

Briefing . . . . . 8:00

SECOND DAy (WEDNESDAy, FEBRUARy 22)

Registration......... ... ... .. .. . .. .. .. ... ... 7:30-8:00 am
VWorkshop Qpening Remarks . . . . . . . . . . . . ... ... 8:00-9: 30
General Chairman
M. Francis X. Minger
Program Manager for Ship Producibility Research Program
Bath Iron Wrks Corporation

Al l E Representative

Dr. David L. Belden
Executive Director
Anrerican Institute of Industrial Engineers, Inc.

Mar Ad Representative

James Higgins

Deputy Assistant Adm nistrator for Comercial Devel opnent
U S. Departnent of Commerce, Maritine Admnistration

Shi pyard Representative
M. Royce A. Young, Jr.

Vice President of Production
Bath Iron Wrks Corporation

Break . ... ... . 9: 30-9: 45



|E Contributions to Industry Panel . . . . . . . . . . . . 94512:00

Dr. Marvin E. Mundel, Mbderator
M E. Mundel & Associ ates

Three Corporate |E Managers w || present exanples of advanced
[E in industry.

M. Harry H Heist, Mnager
I ndustrial Engineering Consulting
Ceneral Electric Conpany

M. Andrew N. Costas, Director
I ndustrial Engineering
United States Steel Corporation

M. Janes P. Bontadelli, Chief
I ndustrial Engineering Staff
Tennessee Valley Authority

Panel Luncheons....... ... .. ... . . .. .. . .. .. ... 12: 00-1: 30 pm

Briefings on planning workshops - objectives, working
approach, personnel, schedule, results expected.

First Workshop Session . . . . . . . . . . . . ... 1:30-5: 30
Reception. . ... ... . .. 6: 00-6: 30
Di nner - Wth Quest Speaker . . . . . . . . . . . ... . ..., 6: 30-8: 30

M. Joseph H. Kehl beck, Manager

Pur chasi ng/ Maj or Appl i ance Busi ness G oup
Ceneral Electric Conpany

President, AIE

Second Workshop Session. . . . . . . ... ..o 8:30
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THI RD DAY (THURSDAY, FEBRUARY 23)

Wor kshop Chairnmen and Resource Panel Breakfast 7:30-8:30 am

Pl enary Session - Chairnmen’s Interim Report to

all Participants.. . . . . . . . 8:30-9: 30
Break . ... . 9:30-9: 45

Third Wrkshop Session. . . . . . . . . . .. ... 9:45-12: 00
Luncheon - Wth Quest Speaker. . . . . . . . . .. ... ... 12: 00-1: 30 pm

M. Joji Arai, Manager
Japan Productivity Center

Fourth Wrkshop Session. . . . . . . . . . . . . . . . ... ..., 1:30-5:30
ReCEPLION . . . o o 6: 00-7: 00
DNEr . 7:00-8: 30
Wap Up Workshop . . . . . . . .. 8: 30

FOURTH DAY (FRI DAY, FEBRUARY 24)

Workshop Plenary Session - Panel | and 11
Reports from Panel Chairnmen and Resource

Personnel DisCUSSION. . . . . . . . . . . .. 8:30 10: Q0 am
Break . . .. .. .. . 10: 00-10: 15
Panel 111 and IV Reports from Panel

Chairnmen and Resource Personnel Discussion . . . . 10:15-11:45
Summary and Concl usions by General Chairman. . . 11:45-12:15
Wrkshop Adjourns . . . . . . .. 12:15

Wrkshop Report Preparation . . . . . . . . . . . .. ... ... 1:15

Wor kshop Chai rnen, Resource Panel and
Techni cal Secretaries
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Productivity—
an international contest

IE’s around the world are faced with similar
demands. How can they measure the scope of

their country’s problem?

Output per employee,

trade balances, R & D spending, and capital
expenditures are basic yardsticks. Using
national productivity centers and other
resources of the profession, IE’'s bear key
responsibilities for improvements.

It is important for all of us to recog-
nize the need for productivity and
what we can do as industrial engi-
neers to make this a better world in
which to live. Every major country is
engaged in a productivity battle with

all of the other major countries of the
world. This battle is going on every
day. It is not being fought with
cannons, airplanes, and warships; it
is being fought in every factory every
day as that factory competes in the

MANUFACTURING OUTPUT PER EMPLOYEE
AVERAGE ANNUAL PERCENT CHANGE

Souce: U.S. Dept. of L.abor

COUNTRY 1966-75  1970-74 1974-75  1970-75 RANK
UNITED STATES 20 27 -0.2 18 8
CANADA 3.9 3.6 1.5 3.0 6
JAPAN 9.0 7.1 -3.1 5.4 2
FRANCE 4.9 5.0 -4.3 34 5
GERMANY 5.3 5.8 3.3 54 3
ITALY 5.8 7.6 -3.0 6.0 1
SWEDEN 5.8 5.8 -3.4 4.4 4
UNITED KINGDOM 3.3 4.4 -3.1 3.0 7

Figure |. Percentage change in manufacturing output per employee is one indicator of
productivity trends. The U.S. ranked eighth in this field of eight for 1970-75.

100

IE | JAN 78

1960 1970 1975 41980 1990

Figure 2. If the level of U.S. productivity is taken as 100%, the other free world countries
are seen to be improving much more rapidly
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world market.

The winners in this battle are
going to generate jobs, improve their
standard of living, and reduce taxes.
At the same time, the losers in this
all-important battle are going to see
high unemployment, become a wel-
fare state similar to what exists in
England, and the standard of living
will be lower than in other nations
throughout the free world.

Since it is my home base, let me
discuss fundamental problems with
the United States as an illustration.
A basic problem today in the U.S. is
that the rate of growth of produc-
tivity is less than most other major
countries of the world. Some may not
agree with this statement, but the
indicators that support this position
are  Productivity, International
Trade, R & D spending, and Capital
Expenditures.

Let's first look at Productivity.
Figure 1[shows manufacturing out-
put per employee. As you can see, the
United States is number 8 in rank, or
the lowest rate of growth in produc-
tivity of the eight nations shown. The
number one country is Italy, believe
it or not, with a 6% increase, followed
by Japan and Germany with 5.4%,
and then the other major industrial
nations, with the United States
having the lowest in the average
annual percentage of change in the
most recent period of time-1970-
75.

Another way of looking at the rate
of change is to assume the United
States is at 100%, and the leader in
productivity compared to other na-
tions,|Figure 2.| As you can see
tremendous growth has taken place
in countries such as Japan, Italy, and
Germany, and at the same time
England has plateaued at about 50%
of the productivity rate of the United
States. Projecting this beyond 1975
you can see that by the year 1990,
many of the countries throughout
the world, if they keep pace with
their present rate of growth, will
actually be equal to or exceed the
U. S. level of productivity.

Let's look at another indicator:
International Trade-something that
we read about every day in the
papers and the battle that the U. S.
continues to lose.

You can see fromhat in
1973 the U. S. had a favorable $1.4
billion balance of payments. This

1973 1974

FOOD $5.8  $7.9
FUEL -83  -255
OTHER 3.9 12.6
BALANCE $1.4 $ [5.0]

BALANCE OF TRADE

1975 1976 1977
$9.4 $8.1 $5.2
-26.6 346  -43.9
28.3 20.8 115
$11.1  $ [5.7] $(26.2)

Figure 3. Balance of trade figures for the U.S. indicate a precipitous turn to the negative

from 1973 to 1977, obviously an unfavorable development.
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Growth in R&D Spending Has Not Kept Pace With increase in GNP Since 1964
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Figure 4. Spending on R & D in the U.S. has steadily dropped in recent years as a percent
of Gross National Product due to Federal cutbacks.

changed to $5 billion unfavorable in
1974 with the advent of the higher
energy costs—which skyrocketed to
$25 billion. In 1975, this reversed
itself to $11 billion favorable; in 1976
the U. S. was at $5.7 billion unfavor-
able, and the latest projection for
1977 is a whopping $26 billion unfa-
vorable balance of trade.

The latest forecast for the balance
of trade over the next few years
indicates that this $26.2 billion in
1977 will increase to $28 billion in
1978, and level off at $24 billion in
1979.. . A very unfavorable condi-
tion.

The third symptom is Research.

c-3

Let's look at the dollars being spent
for research and development in the
United States. The growth in R&D
spending has not kept pace with the
increase in GNP. since 1964. Federal
spending has decreased appreciabl
in R&D, as you can see b
Due to this lack of funding by the
United States, the total amount
spent on R&D has substantially
decreased over this period. This is a
deplorable condition when you re-
cognize that many of the real
advances in consumer products have
come about as spin-offs of federal
spending in the aerospace industry.
To further support my contention

JAN 78 I IE



Basic Research Funds In Constant Doliars Have Declined Since 1967
Bitions constant 1972 doliars
30 Total
20 Development
10 -
Applied Research
/ Basic Research
[ RO VRN TR AN T T TN TN TN NN T AN N I
41960 1965 1970 1975
Source: National Science Foundation (Both)

Figure 5. Expenditures for basic research in the U.S. in terms of constant dollars can be
seen to have been declining for about a decade.

FIXED CAPITAL FORMATION AS A PERCENT OF GNP
1970-1975

United
States

United

o Asaer cent  of gross domestic preduct

Figure 6. In fixed capital formation as a percent of Gross National Product the U.S
ranked at the bottom of this field of seven.

INTERNATIONAL INVESTMENT TRENDS
REAL PRIVATE FIXED CAPITAL FORMATION
1972 1= 100

10
esten et 1257
1m . .C.

110

100 jilFpser?
Teeen, 95.9
WestGermany *-, T 926
8o}
PR TR W NN WU N NS UK SN AN SN NS SN N SO0 AN N WO |
E0maIV L mawve maamvo vy
1972 1973 1974 1975 1976

Figure 7. Comparison fixed capital formation to the rate of Ist quarter 1972 shows the
U.S. vying with West Germany for last place.
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that the U. S. is in trouble when it

comes t arch, the trend
chart ir] Figure 5 $hows research
funds in ollars. It shows

U. S. total dollars in R&D have
declined since 1967 with most of it in
the area of development. The U. S. is
still spending dollars in applied
research and basic research, but has
drastically cut back in the area of
development where research is put to
work to help mankind.

The fourth symptom is Capital
Expenditure;hows that
the dollars that the U. S. is spending
on fixed capital formation as a
percent of Gross National Product is
the least of any of its maior competi-
tom in this economic battle. The
U. S.is running at 17.4%. Japan is
more than double the amount of
U. S. investment as percent of Gross
National Product.

| recently had the opportunity to
talk with a number of Japanese
industrialists. In our conversation it
became apparent tome that they are
spending large sums of money on
very sophisticated equipment de-
signed to drastically reduce labor
and improve productivity.

Figure 7 is a busy chart which

shows that the United States is not

doing as well as its competitors in

this economic battle when it comes

to investment trends. The U. S.

peaked late in 1973, dropped drasti-
cally in 1974 and 1975, and has never
really recovered. West Germany is

the only nation not doing as well as

the U. S. Canada has continued to

invest and is now 25.71% over the base

of 1972; Japan is at 5.9% over 1972,

and the United Kingdom, which

everyone considers one of the least
productive nations in the world, is at

1.4%. This chart supports my view

that the U. S. has major problems in

the lack of capital investment in new

plants and equipment.

The indicators we have rapidly
reviewed-productivity measure-
ments, international trade, R&D
spending, capital investment—iden-
tify the key problem areas which
contribute to the declining rate of
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Figure 8. Future productivity improvements will very often be obtained by bold new concepts and investments such as this idea for an
automated assembly plant on the drawing boards in Japan.

productivity in the United States.
The industrial engineers in the U. S.
have the responsibility to turn this
around. They need to improve
productivity in the United States,
and through the efforts of every engi-
neer in the U. S., they have the capa-
bility if they will all apply their
energy to this national problem.

In the business world you need to
know all you can about your
competitor. This same process needs
to apply to one nation as compared
to other nations. A nation needs to
know its competitors’ strategy. What
are their natural resources? Do they
have the necessary raw materials,
manpower, plant and equipment?
Do they have technical strength to
develop new materials and processes
or are they followers? And last but
not least, what are their national
policies toward improving produc-
tivity?—supportive—restrictive?

To answer these questions we
industrial engineers need to see for
ourselves what our competitors are
doing. We can't learn unless we
travel. Too often U. S. businessmen
sit at home believing the U. S. has all
the know-how and travel is a waste of
money. While they sit at home their
competitors in this economic battle
travel throughout the world to pick

up the latest know-how and techno-
logical advances to incorporate in
their business.

An example of what you would see
if you visited Japan is the sketch of a

highly aut

omated unm

anned plant

shown in

Figure 8.

It's on the

drawing

oards andv

ill be com-

pleted in the early 1980's. Seeing
something like this would have a
major impact on your thinking.
Especially when you recognize that
this plant with its minimum amount
of labor, is going to compete with
you on the home front. Wouldn't it
be a shocker?

One way for U. S. industrial engi-
neers to know what's going on in the
world is to work with and support
the National Center for Productivity
located in Washington, D. C. If they
are not familiar with this organiza-
tion, | would suggest that they
become very familiar with it in the.
immediate future. They can contact
the Center by writing to the National
Center for Productivity and Quality
of Working Life in Washington,
D. C. It's a small federal agency
dedicated to improving productivity
in the United States. Every indus-
trial engineer in the U. S. should be
on the Center’'s mailing list.

Industrial engineers should also be
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knowledgeable of the European As-
sociation of National Productivity
Centers, which is located in Brussels.
It has a very active program to make
the European Common Market com-
petitive throughout the world. |
might add that | recently attended a
meeting in which the Executive
Director of the European Common
Market participated and he had
difficulty understanding the union-
management adversary relationship
in the United States.

The Asian Productivity Organiza-
tion consists of sixteen Asian nations
working together to improve produc-
tivity so they can compete in the
world market. This group hires U. S.
consultants to bring U. S. know-how
to the Asian world.

My purpose in mentioning these
centers to U. S. engineers and in
particular the U. S. National Center
is twofold-one, that they should
utilize the services of the National
Center for Productivity and Quality
of Working Life, and two, that the
U.S. Center needs their support or it
may not survive. The present U. S.
administration has shown absolutely
no interest in being involved with
improving productivity.

The importance of productivity
has to be recognized by the federal

JAN 781 IE



government and elected U. S. repre-
sentatives. The U. S. has many laws
which substantially add to the cost of
doing business with little increase in
productivity-to name a few-EPA,
OSHA, EEOC, etc. All of these
contribute to the cost of producing
goods in the U. S. Many competitors
of the U. S. in this economic battle
do not have to bear this kind of an
expense to do business. U. S. engi-
neers have the responsibility to make
their government aware of the cost
impact associated with these pro-
grams to improve the standard of
living in the U. S. It does not help to
improve the standard of living by
driving work offshore and increasing
unemployment.

To be successful in this economic
battle, citizens need to work as a
team to improve productivity. Every
citizen of a country-that is labor,
government, management, the aca-
demic world, engineers, and econo-
mists—all need to focus on the
common goal of improving produc-
tivity.

Industrial engineers are achievers.
We all are willing to work to achieve
certain goals. Most of us are goal
oriented.

If we are going to improve produc-
tivity in our countries, the first thing
we need to do is establish goals—na-
tional goals, industry goals, and
government goals. For if we do not,
we will just continue to wander in
the ocean of opportunity and never
reach our destination. All of us must
develop productivity goals in our
own operation and work to achieve
these goals.

What is each industrial engineer’s
responsibility? Certainly it is to
implement productivity improve-
ments. Most of us are being paid to
improve productivity. We also recog-
nize the impact technology has on
productivity. This needs to be com-
municated to those less informed.

U. S. engineers also need to
support government and private
research and development. The key
to long-range success in this econom-
ic battle is basic and applied
research. U. S. engineers need to
convince their elected officials that

IE | JAN 78

government funds for research need
to be increased to levels comparable
to other industrialized nations.

The Wall Street journal had an
article “Backing Off Basics” in a
recent issue. I would like to quote a
statement from this article:

‘The National Science Founda-

tion says U. S. expenditures for

R&D have slipped to about 2% of

gross national product from more

than 3% in 1965 and currently
trail the 2.3% level in West

Germany and estimates of more

than 3% in the Soviet Union. The

federal government adds that the
number of patents it granted to
foreign inventors in 1975 reached

35% of the total, against only 17%

in 1961.”

The U. S. needs to disseminate
technological information. When
new ideas come up, they need to be
made available to U. S. industry so it
can compete in the world market.
Certainly U. S. engineers need to
support the Productivity Center con-
cept. A clearing house for dissemi-
nating information is essential to
U. 8. success. They also need to foster
management, labor, and government
understanding on the need for
productivity goals. Unless U. S.
citizens all work together to achieve
this common goal, the U. S. will not
be successful.

Last, but not least, U. S. engineers
need to support capital investment
through tax incentive. They must
make it worthwhile to become capi-
tal intensive. Today the U. S. is not
spending adequate amounts of mon-
ey on new plants and equipment.
Japanese friends and economic en-
emies are walking by the U. S.. .. or
should I say running by the
U. S....every day of the year. I
recently heard a steel executive in the
U. S. state that he was running
facilities forty to fifty years old and
trying to compete with the Japanese
who recently obsoleted a 19-year old
facility. The United States has a
serious problem. Its productivity rate
is not going in the right direction. It’s
coming to a screeching halt. I am
confident the industrial engineers of
the U. S. can turn this around. [§
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PRODUCTI VI TY

Joji Ara
Manager, U S. Ofice

Japan Productivity Center

Lately it has becone a favorite pastinme for Anmerican intellectuals

to either vociferously criticize Japan for building an 8.5 billion

dollar trade surplus against the United States, thereby depriving

enpl oynent opportunities to hard working Americans, or on the oth-

er hand to admre the Japanese for wunabashedly pursuing technol ogical
i nnovati ons and working hard while everyone el se sl eeps.

The ubi qui tous Japanese are to be found at the four corners of the
earth peddling products |abeled “Made in Japan”. Charles de Gaulle
once called M. Ilkeda, then Prime Mnister of Japan, “A Transistor
Sal esman” .

Japanese are pictured as little yellow nen with thick glasses and
protruding teeth; they are considered inscrutable and cunning.

It is thought that the “Made in Japan” products that are peddl ed
are manufactured in a dark crowded plant by |aborers who work for
cheap wages. Another picture is that of an oriental who is clad
in a Saint Laurent designed western suit with the ever present

t hi n pocket cal culator, pushing buttons in his office that acti-
vate conputer-assisted manufacturing in the plant below - a plant
t hat produces video-tape recorders, facsimle transmtters and
quartz wat ches.

Nei t her description is correct. Just as depicting a typical Amer-
ican as being six feet tall, blond, congenial and prodigal is not
accurate.

Japanese are people who live on the far side of the Pacific on an
archi pelago, the land area of which when put together is about

the size of California. The entire space available for human hab-
itation is about 1/25 of the United States. Wrse yet, only about
14% of the land is flat and suitable for agriculture, industry and
human habitation. It is an unusual nation in that for the past two

t housand years, it has never been invaded by foreign forces except
for a brief period when it was placed under occupation of the Aneri-
can Armed Forces after World War 11

In other parts of Asia as well as in Europe, wars were the nost
effective means of crossing cultures which resulted in the ener-
gence of new and hybrid societies and cultures. However, Japan
stubbornly maintained its insularism Sonehow without benefit of
bei ng conquired, the people in Japan devel oped the unusual pro-
pensity to absorb other cultures and assinmlate theminto their
own.



Qur own phonetic spelling was devel oped from characters inherited
from China and Korea. W inported Buddhi sm which originated

in India through China. After Commodore Perry’s black ship open-
ed our ports, we arduously pursued western technol ogy, political

i deas, and the structure of governnent, and we created a hybrid
form of a nodern industrial society, the surface being that of a
western civilization but underneath having a peculiarly Japan-
ese hybrid phil osophy and cul ture.

Japan is a nation without natural resources. She depends upon
overseas supplies for 90% of her energy and raw material needs.
The long list of dependency ratios of natural resources starts
with 100% reliance on foreign supplies of alumnum nickel, and
88% of iron ore. On the energy side, the list starts with 100%
urani um 99.7% crude oil and 78.5% coal. Thirty percent of our
food supply cones from foreign sources.

Yet, Japan is now the third nost productive nation in the world.
Her gross national product is nore than five tines that of al

Sout heast Asia, about the same as that of France and Geat Bri-
tain put together, two thirds that of the Soviet Union and a third
that of the United States. Japan produces half of the world s
merchant ships, about a third of the world s radios and televis-
ion sets, and a sixth of all its crude steel, pig iron and syn-
thetic fiber.

Japanese workers earn higher wages than their counterparts in
Great Britain, France and Italy. Surprisingly, while no Anerican
ever says “Cheap British, French or Iltalian Labor”, the expression
“Cheap Japanese Labor” is alnost an inherent adjective when speak-
i ng about Japanese and their products. Though Japan is the sec-
ond | argest econony in the free world, the biggest overseas trade
partner of the United States, she remains a nysterious nation

with an inscrutable people.

Actual ly Japanese are not too different from Americans, though

our way of identifying a problem and the process for solving it

may be a bit different. Wen it comes to problens, nost of them
are alnost identical to those that you face. H gh cost of mat-
erial and | abor, controversy between environnentalists and in-
dustrialists, unenploynment, bankruptcy, unreasonable | abor unions,
stubborn managenent, whinsical young workers, ridicul ous governnent
i nterference. Sound famliar - these are problens facing Japan-
ese corporations today.

As for our shipbuilding industry and their problens,, let nme cite
sone articles fromrecent publications:

“Busi ness failures are sending shudders through Japan’s vast ship-
yards. Si xt een Japanese shi pbuil ders had gone bankrupt by the

end of Novenber 1977, conpared with four in 1974, one in 1975 and
six in 1976 ......... Anot her jolt to the Japanese: t he surge of
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shi pbui I ding plus highly conpetitive pricing by other Asian na-
tions and the Conmmuni st countries. . .. They undercut some of
the giants of Japanese industry: M t subi shi Fbavy I ndustri es,

| shi kawaj i ma- Hari ma Heavy Industries and Hi tachi Shipbuilding &
Engi neering .* (U.S. NEWs & WORLD REPCRT, January 23, 1978)

“The worl d s shipbuilders received total orders of 1332 ships
(cargo ships over 1,000 DWM), a 27% decline from 1827 ships in
1976. O this total 47% market share in tonnage went to Japan.”
(FI'NANCI AL TI MES OF LONDQN, January 18, 1978)

“The orders placed in Japanese shipyards in 1976 drastically de-
clined from 33,790,000 tons in the peak year of 1973 to 8,412,000
tons. A spokesman for the Mnistry of Transport indicated that

1) the prolonged surplus of carrier space is making ship owners
hesitant to place orders for new ships; 2) the surge of the val-
ue of the yen is another retarding factor; 3) stiff conpetition

is forcing prices down resulting in shipyards refusal to accept
orders for prices below costs. He further expressed the view that
the total orders for 1977 may not exceed 6 mllion tons.” (ANNOUNCE-
MENT OF M NI STRY OF TRANSPORT, January 16, 1978)

As conpared with the average productivity of all industries that
increased from 100 in 1975 to 131.2 by the third quarter of 1977,
our shipbuilding industry’s productivity declined to 83.1 from
100.

Though the industry is currently in terrible shape, historical
observation shows that Japan annually |aunched about 14, 000, 000
tons of ships from 1970 through 1976. This anount is far above
Sweden’s production of 2.2 mllion tons. Sweden being the next
| argest shi pbui |l der

There are nmany reasons why Japan’s shipbuilding industry grew

at such a rapid pace in the past two decades. Even though Japan
is only 1/25 the size of the United States, her coast line is
26,505 kiloneters long which is about the sane as that of the
United States. Many deep inlets protected from ocean waves af-
forded suitable locations for shipyards. Later these locations
with planned landfill made it possible to lay out new and nore
efficient yards. The average 2,000 hours of sunshine per year
plus a nean tenperature of 14-15 degrees Cel sius gave Japan a
nat ural advantage over European countries.

Many other factors contributed to the growh of the industry.

The first and nost inportant factor is capital investnment. In

t he shipbuilding industry the per enployee capital investnent
reached $20,000 in 1975 -up from $7,000 per enployee in 1970.
The Il evel of investnment in plant and equi pnent was about the
same as the average of all industries, which was 29% of real

out put between 1962 and 1972. This is twice the 13.6 of the U S
and consi derably higher than the average of 17% of European
countries during the sane peri od.



The second inportant factor is technological innovation. The
introduction of EPM NC Gas Cutters, cADand CAM systens, as
wel |l as the block building method and new wel di ng technol ogy
increased the industry’s productivity dramatically.

W are attenpting to increase our productivity in areas other
than the shipbuilding industry and thus becone conpetitive in the
international market through heavy investnment in research and de-
vel opment with enphasis on high-val ue-added products which use

|l ess raw materials and energies.

During 1977 government and private industry spent about 8 billion
dollars on research and developnent. O this 8 billion dollar in-
vestnment, 75% represents private efforts. This trend is nmuch dif-
ferent fromthe American situation where 75% of research and de-
vel opnent expenditures are made by the governnent. Some experts
estinmate that by 1980 the Japanese governnent and industry wll be
spendi ng nore noney than their American counterparts on non-mli -
tary research prograns.

Heavy enphasis is placed on the devel opment of high speed and

| arge scal e conputers, peripheral equipnent, nedical electronics,
and comuni cations equipnment. A serious attenpt is also being
made to develop a series of sophisticated sensor/conputer/ machi ne
interaction devices with practical industrial application through
the joint efforts of a score of |eading high technol ogy conpanies
with the enthusiastic encouragenent of the government.

In June 1976 the Mnistry of International Trade and |Industry com
pl eted the basic design of an unnanned manufacturing plant wth

fl oor space of approxi mately 250,000 square feet. It is expected
that the plant will be | ocated underground and will produce nachine
tools with some 2,000 different parts. This prototype plant is
expected to be conpleted by 1983 and will be operated by ten per-
sons rather than the 750 workers normally required for this type

of operation. Already in many plants throughout Japan, numerica
and conputer controlled machines and robots are used extensively.

No one would deny IBMits technol ogi cal |eadership and the super-
iority of its marketing strategy - particularly with its having
75% of the world market. Although the Japanese would in no way
be considered a serious challenge to U S. conputer manufacturers,
the eightfold increase of the inport of Japanese conputers and re-
| ated equipnent to 71 million dollars between 1975and 1976 m ght
be an indication of the serious attenpt on the part of Japan to
develop its technology in this area.

Over the last five years the Japanese governnent has spent 214
mllion dollars to help manufacturers develop a system that woul d
conpete with IBMs Series 370 as well as another 112 mllion to
devi se vastly inproved conputer circuits in the next four years.
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The recent announcenent by IBM of the introduction of its 3033
series processor was followed by the introduction of simlar sys-
tenms by Fujitsu, the Japanese conputer manufacturer

You might have noted i.n a recent article in the WALL STREET JOUR-
NAL that the once bluest of blue-chip corporations, Xerox, is now
seriously conpeting with Japanese manufacturers in the area of |ow
guantity copying nmachines rather than with other American nanu-
facturers.

The third factor is the econony of scale. In an attenpt to neet

t he denmand of shipowners for building ever larger tankers and dry
cargo carriers, Japanese increased docks of over 60,000 ton ca-
pacity from21 in 1962 to 57 in 1976, and particularly those docks
with a capacity of over 90,000 GI from13 in 1962 to 35 in 1976.

The increased dock capacity and introduction of new technol ogy
enabled a yard to |launch the 484,377 DWton N shomaru in 1975.

In the steel industry which is closely related to shipbuilding,
51.4% of Japan’s 72 blast furnaces have large inner vol unes of
nore than 2,000 cubic nmeters conpared with 2.6% of 192 of the U'S
furnaces. The result has been a trenendous reduction in cost and
an increase in productivity as expressed in terns of man hours
per ton of steel. As conpared with 25.5 hours in 1964, it was
down to 9.2 hours in 1974. The U.S. mlls which were nearly

twi ce as productive as the Japanese a decade ago have gone from
13.1 hours in 1964 to 9.8 hours in 1974. Not nuch need be said
in the area of econony of scale because it was Anericans who
taught us the trenmendous benefit of it.

The fourth factor is the increased know edge and skill of the
wor kf or ce

As in the United States, the intellectual |evel of workers has
contributed substantially toward enabling managenent to pursue

t echnol ogi cal innovations. Wile in this country about 48% of

hi gh school graduates go on to college, in Japan 42% do. Al -
though this is lower than in the United States, the Japanese fig-
ure is higher than that of European countries. In the shipbuilding
i ndustry especially, an average of 800 technical high school grad-
uates and 700 coll ege graduates, who had majored in shipbuilding
engi neering, were avail able each year.

The relatively high academ c |evel of workers enabl ed Japanese
conpanies to pursue the fruits of technol ogical innovations. In
this sanme category | would like to discuss the highly controver-
sial characteristics of the Japanese worker.

In New York City for exanple, it has been noted that 75% of the
passengers on the last commuter train of the evening of the Long
Island railroad are Japanese. It is estimated that about 20,000
Japanese businessnen work in Manhattan, and usually they are the

C-n



| ast ones to leave the office buildings long after the American
enpl oyees have gone. Wy do they work so |ong and hard?

One of the reasons many scholars give is the loyalty of the
Japanese worker to his conpany. In this country loyalty is to-
ward a person, be it friend, associate or boss. In Japan the
loyalty is to the conpany rather than an individual.

The Iife pattern of a Japanese is centered around the conpany he
works for, not just during working hours but even after that

five o'clock whistle. He tends to closely associate hinself wth
his superiors, colleagues and subordi nates on and off the job.

Prof essor Yoshino of U C L.A described this Japanese propensity
in the follow ng way: “Ones wel fare and prosperity were nost
closely tied to those of the group. The individual was identified
with a collectivity to such an extent that whatever one did was

al rost immediately and totally reflected on the collectivity.

Thus, a collectivity had real power to sanction or reject the con-
duct and behavi or of each individual member.”

Anot her reason is that even though Japanese now earn nore than
their Italian, French and British counterparts, their wage and
salary level is still lower than that of their American, GCernman
and Scandi navi an counterparts. Wile their salaries and wages
are noderate, the lack of raw materials, energy and food which
have to be inported result in high prices for essential itens for
living. Anmerican tourists are shocked to discover that Kobe beef
costs $25.00 a pound, and a lunch that would cost $5.00 in the
U.S. would be $15.00 in Japan. El ectricity, gas, water, gasoline
and ot her energy products costs twice as nmuch as in the U S.

Wrse yet, to buy a house that would cost $100,000 in a Washington
suburb, in Japan you would pay nore than $300,000 for one on the
outskirts of Tokyo.

Qur neager social security systemis also a contributing factor.
Per capita social security paynents anmount to barely a half of
what an Anerican gets. Pensions received are about 1/8 of the
Anmerican counterpart. To prepare for that rainy day and ol d age,
Japanese save over 20% of their inconme. To lead a noderately
confortable life in Japan, one nust work very hard.

As for the skill of the work force, under our lifetine enploynent
system whi ch guarantees job security until you reach 55, the com
pany through the years nolds the man into a shape which best suits
their needs through the rotational program Every third or fourth

year, workers will be transferred from one departnment to another.
One day you might be working as a personnel specialist; t he next
day you have been transferred to the sal es departnent.

In this country a conpany hires a man to fill a position. The po-
sition is there before the man applies. H's qualifications nust
be such that he will be able to performthe function as required



by the position. In Japan, because of the prevalent lifetine
enpl oynent system a man is hired for his personality, aptitudes
and academ c acconplishnments on graduating from school. The im
portant qualification is a man’s ability to cooperate with his
fell ow workers and coordinate his efforts to acconplish an ob-
jective as a nmenber of a team It is nore inportant for a Japan-
ese conpany to select a nman with a good personality rather than
a man wth superior know edge in a particular field.

Under this system it would be unusual to find a corporation
headed by an executive who had graduated from a school on an
academ c |evel such as the Harvard Business School. Rat her than
pl aci ng enphasis on the expertise and ability of a nan, Japanese
corporate managenent highly values the nerits of a seasoned nan
with a good personality and experience in many aspects of corp-
orate life.

Natural ly when you have a corporate structure such as this, nan-
agenent depends upon the team work of nen rather than the know
| edge and skill of a limted nunber of brilliant executives.
This type of system creates unique decision making processes
based upon collectivity.

In the United States nanagers nake decisions and order subordi -
nates to inplenent them Initiative comes fromthe top, and the
finely defined scope of the duties of subordinates dictates that
they obey orders. Managers nust be resourceful and creative for
the future of the corporation is dependent upon their decisive-
ness. For this reason Anerican conpani es consider recruiting and
training of conpany nanagers to be the npbst inportant aspect for

their survival and expansion. In Japan, on the contrary, rarely
do deci sions conme from senior managers as they would in the case
of U.S. corporations. It is the responsibility of niddle managers

to identify problems and fornulate tentative solutions. Before
presenting the proposals to the senior manager, he nust review
them with ot her departnents and nake conposite plans based on a
consensus. This gives mddle nmanagers greater responsibility and
a high degree of sense of participation in final decisions, thus
maki ng them the nbst enthusiastic players on nanagenent’s team

Qoviously this is a tine consum ng process. In the United States
a problemrequiring imediate action in a rapidly changi ng bus-

i ness environnment nmay be made by a manager in a matter “of “m nutes;
in Japan a simlar decision would require weeks and sometimes
months before it was resol ved.

Al though it takes tine before a decision is reached in the Japan-
ese system once it is made it can be inplenmented with relative
ease as the consensus is already there. On the other hand, the
qui ckly made decision of the American boss may run into difficulty
in the inplenentation of the decision. Per haps a happy nedi um
woul d bring about the best result.



Anot her factor that contributed to the increased know edge and
skill of our work forces is the “Quality Control Crcle Myvenent
in Japan”. The introduction of the statistical quality contro
concept through a series of lectures and consultations with
outstanding quality control specialists such as Drs. Juran and
Deming in the 1950's |ed the Japanese to nold their own version
of the quality control programwthin the franework of their
culture

The QC Circle can be defined as a group of workers and shop fore-
men who voluntarily neet to solve job-oriented quality and pro-
ductivity problens. The first group was forned in 1962, and now
there are about 600,000 circles with a nmenbership of six mllion
wor ker s. In nost maj or manufacturing conpani es approxi nmately

852 of the workers are active in the circle novenent. Usually at
a neeting of a Grcle 50% of the tinme is spent on topics rel ated
to quality control and inprovenent; 40% i s spent on productivity
and cost discussions; 10% on ot her pertinent topics.

A group is made up of the shop foreman and the workers under his
supervision, ranging in nunbers from4 to 5 nen to 25 to 30 nen.
Wrkers are taught how to coll ect data; how t o draw hi stograns,
cause and effect diagrans, Pereto diagrans, control charts,
Scatter diagrams, how to prepare Binom al Probability Paper and
sel ect sanples, and how to anal yze the cause of defects. Through
a series of brain-stormng sessions, they attenpt to solve prob-
lenms that arise at their working stations. | n many manufacturing
operations, this novenent not only drastically reduced the defect
ratio of the products but conpletely elinmnated inspection crews.

There are literally tens of thousands of cases reported in which

the worker’s voluntary prograns resulted in a drastic increase in
productivity and a decrease in the production of defective parts

and products.

The basic thene enphasized in the novenent is that the system nust
aim for the devel opnent of workers, and it should never be used
by managenent as a neans for exploiting workers. There nust be
notivation so the workers will enthusiastically participate in
the program  The system has worked so well in Japan that now
several U.S. conpanies including Lockheed Space & Mssile and
Boei ng Conpany are inplenenting QC G rcle prograns.

Under the category of systens inprovenent we can include the mcro
and macro | evel of systens. | hardly consider nyself qualified

to discuss the inportance of systens inprovenment with such experts
in the area as you gentl enen.

Therefore, I would like to take up the subject of systens inprove-
ment on nacro |level. Although Japan is under a denocratic rule
and uphol ds the principles of capitalism and free econony, her
people are also aware of the Iimts of her ability and power due
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to the scarcity of natural resources and virtual non-existence
of a nilitary force for even her own defense. The well-planned
and coordi nated economc policy was necessary to set the nation
back on its own two feet at the end of the war. The land reform
whi ch under normal denocratic rule would have taken years to
acconplish was perfornmed al nost overni ght through the decree of
the Suprenme Commander of Allied Powers resulting in increased
productivity in the agricultural sector. It also freed a large
segnent of the agricultural population to nove into the manu-
facturing sector.

The econom c pl anni ng agency was established to set a course for
the growth of the nation. As conpared to 30 odd econom sts which
make up the President’s Council of Econom c Advisors, our Agency
is staffed with 300 econom sts and statisticians. Under the gov-
ernment’s policy during the 1950's priority was placed on the
reconstruction of textiles, steel, electrical equipnent, fertili-
zers, and machinery industries. During the 1960’s aut onobil es,
shi pbuil ding, and el ectronic industries were added to the I|ist.

The percentage of net national product accounted for by the pri-
mary industries declined from22.7 in 1955 to 7.5 in 1970, and
their work force from 38% of the entire labor force to 16% In
1955 textiles and sundry goods represented 55% of the total ex-
port volune, while steel, nmachinery, and chem cals accounts for
only 37% I n 1975 the share of textile and sundry goods declined
to 21% and that of nachinery and chemicals increased to 75%

From 1962 to 1972 Japanese production of pig or alloy iron rose
from18 mllion tons yearly to 75 mllion tons; in the sane
peri od, French production from 14 to 19 mllion, Chinese from 15
to 28 mllion and West Germany from24 to 32 mllion. As for
aut onobi | es, our output rose from 250,000 cars and 2% of the
worl d’ s production in 1962 to 7.1 mllion cars and 19% of the
worl d’s production in 1973.

In pursuit of attaining the desired economic growh for its sur-
vival, the legislative and executive branches coordinated their
prograns and policies so that the government would not constitute
a retardant to economc growth; unlike the United States where
uphol ding the rules of denocracy and free conpetition sometines
results in policies and prograns that adversely affect sone sec-
tors of society, such as strict enforcenent of Antitrust |aws
and regul ations, Cccupational Safety and Health Act, Equal Em

pl oyment Qpportunity Act. Wiile in this country, the governnent
will try to break up IBM and AT&T knowi ng their excellence in
technol ogy and their contribution to American society far out-
wei ghs the evils of nonopoly. I n Japan the merger of Yawata
Steel, the largest conpany, with Tokai Steel, the second | argest,
received the blessing of the governnent, and resulted in the
creation of N ppon Steel Conpany.

C 15



The technol ogy transfer takes place at varied speeds in different
soci eti es. Even though the Japanese and Gernans were increasing
investnments in research and devel opment, new intentions in the
United States far surpass them ile Anmericans suffer from the
“not -i nvent ed- here” syndrone, Japanese unabashedly used foreign

t echnol ogy to produce goods. The invention of the transistor by
Bel| Laboratory greatly benefited the Japanese el ectronic indus-
try, and the devel opnment of the basic oxygen furnace in Europe
hel ped the Japanese foster the growh of its steel industry.

Recent |y Scandi navian countries are planning to set aside a
certain percentage of |abor’s share of profit for investnent in
pl ant and equi pment. In Japan the natural cycle of labor’s in-
vestment with deposits of over 20% of workers’ income at finan-
cial institutions hel ped the gromh of companies, as the debt-
financi ng has been the nost preval ent node of expansion in our
country.

There is actually no preplanned and structured Japan Inc. as is
so popularly believed by many in this country. It is true that
Japanese business and industry are nore accommodating than their
American counterparts when the governnent asks them to pursue
certain policies to attain a desired national goal. Wen the
Japanese governnent enacted the world s nost stringent pollution
control law setting forth em ssion standards for autonobiles,

t he Japanese autonobile manufacturers imediately started to de-
vel op new types of engines and catalytic converters rather than
stormng to Parlianent to conplain that they were unable to com
ply. O - when the governnent suggested that conputer manufac-
turers should formthree groups of conpanies and coordinate their
research and devel opment prograns in each group so that they would
be able to retain the capability to conpete in the international
market with foreign manufacturers the industry was nost obliging.

These national goals were rather faithfully observed by ngjor
industries due primarily to the follow ng reasons:

1.  Wen Japan entered the industrial revolution, it was
government not industry that created nodern plants. As
our social and political system was created through the
governnent’s initiative rather than the people s, even
100 years after the western political system and prin-
ciples were introduced and the Anerican style denocratic
society was structured sonme 35 years ago, the mpjority
of people still believe that the function of governnent
is to issue edicts.

2. Debt-financed Japanese conpanies are nore vulnerable to
the whins of financial institutions than their American
counterparts. The Mnistry of Finance, being the regu-
latory agency of the financial institutions, can dis-
creetly let the borrower know what prograns the govern-
nment wants them to pursue.
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3.  Lacking natural resources, energy and capital, the
effective allocation of the needed but limted resources,
energy and capital has to be determ ned by sone central
organi zation rather than through the free market princi-
ple. This duty was entrusted to the governnent.

4.  The government of Japan is run by bureaucrats. Because
of the unique function of governnent, the cream of the
graduates of the finest schools tend to choose govern-
nment careers over business. Wen these officials, who
are good planners and adm nistrators, retire, industry
wel comes them into the upper hierarchy of managenent.

There are many other reasons | could cite, but this unique envir-
onnment created the image of so-called Japan,Inc. in the eyes of
f orei gners. There is a |loosely-knit tie between governnment and

i ndustry, but I do not believe it can be called a well-structured
syst em

These traditional, as well as the newy created systens, worked
very well in the boom ng econony of the 50's and 60's. The oi
crisis, followed by the world wi de recession has, and is seri-
ously and adversely affecting the operations of Japanese business
and industry.

Expansi on-ori ented Japanese managenent, which had been hiring at
about 10% above the |abor requirenment based upon the l|inear fore-
casting of market trends, suddenly found thenselves with an ex-
cessive | abor force.

Under the life-time enployment system which for the past thirty
years played such an inportant role in creating harnonious |abor-
managenent relations, the essential climate for increasing pro-
ductivity for expansion, managenment found that they were unable
L%jlay of f or discharge enployees as their American counterparts
ad.

Lacki ng adequate social security, pension and other welfare pro-
granms, as are available in the United States and European coun-
tries, Japanese business cannot afford to give its corporate nan-
agenment the prerogatives exercised by their American counterparts,
for that would destroy the very foundation of their industrial
society and create great chaos. \ether they like it or not, and
until they are pushed to the verge of bankruptcy, Japanese cor p-
orations will have to either keep borrowi ng, use their reserves,
or sell off assets in order to retain their work force.

Over the course of thirty years of enploynent, an average Japan-
ese enployee triples his salary with accelerated raises. Thus a
Japanese conpany pays four times nore in salary to a worker with
thirty years seniority over a newy hired man with the sanme job
classification. In order to offset the rising |abor cost of ol der
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enpl oyees as well as to prepare for eventual expansion, Japan-
ese conpani es continue hiring younger people.

Because of this long existing system Japanese businessnen con-
sider |abor costs as a fixed cost rather than a variable cost
that fluctuates depending upon the market’s denmand as in the
United States.

Sonme econom sts reason that Japan’s trenendous increase in pro-
ductivity in the last two decades was actually acconplished

t hrough the process of rejuvenation of the |abor force. Unf or -
tunately for Japan, however, the future denographic picture is
gloony. Now that the shift of the younger population from agri-
culture to mning and manufacturing has been virtually conpl et ed,
and nore young people are staying longer in academ c institutions,
Japanese corporations will not be able to depend upon the abun-
dant supply of young workers, who had been their primary source
for reducing |abor costs and increasing productivity.

The unprecedented econom ¢ and denographi ¢ hardshi p placed upon
corporate nmanagenent will undoubtedly force many managers to re-
exam ne their enploynent system and | ong range policies.

On the side of the workers, there are nmany social and econom c
reasons why hard working and enthusiastic workers may not be
continuously so notivat ed.

A recent attitude survey of Japanese industrial workers showed
that close to 60% of them were dissatisfied with their work

This result was interesting because a simlar survey conducted

in this country showed that nore than 60% of the industrial force
was satisfied with their work.

Al though job security remains an inportant factor in an enpl oy-
ee’s sense of obligation and esprit-de-corps, the denographic
shift and the rapidly changing social and business environnent
will bring about the restructuring of the corporate organization
and its behavior.

In spite of the fact that Japan exports |less than 10% of her GNP
a surge in export trade has always acted as a trigger in stinu-
lating the donestic consunption enabling her to enjoy rapid

gr owt h.

In the stable world econony we no |onger can expect the export
trade to have this triqger effect on the donmestic econony and con-
tribute toward the rise in consuner confidence. W cannot keep
repeating the cycle of concentrating our efforts on a limted
nunber of products with highly conpetitive potentials in the

worl d market and then enter orderly nmarketing agreenents when such
strategies result in a rise of protectionismin the other coun-
tries.
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CGovernnent and busi ness are now coordinating their policies and
actions so that we will be able to produce higher val ue-added
products of high technology content per unit of energy and raw
material .

Japan is a nation of paradoxes.
W need to anal yze the experiences of other industrial nations

and re-exam ne our past performances and m stakes so that we
may devel op policies and progranms with a |ong range view.
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Construction Standards for Piping Systens,
Conmmer ci al  Shi pbui | di ng

D nensi onal Control Guidelines

D-A-2



PURPOSE

Thi s bookl et provides an interpretation of the present
rules and requi.renents of the dassification Societies.
These guidelines are subject to the user’s judgenment and
interpretation of acceptable shipbuilding practices.
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. LI NEAR RESPONSI BI LI TY CHART

FUNCTION
1 Establish quality
assurance guidelines, 5 3 5 1
2
_E_J Determine special regu-
latory body require- 2 3 3 1
ments 2
3 | Establish in hard
owner/regulatory 1 - - 1
body liason 2 2
4 l Maintain quality con-
trol interface with 5 3 3 4 1
customer and regulatory 2
body
> Inspect work for
owner acceptance 4 4 3 1
2
6 Feedback support activi-
ties deficiencies as 5 4 4 1 1
directed by project 2 2
guidelines
7
In-process quality 4 3
control
| I
LEGEND

1]

2
3 |

Responsible for
(decision)

Does work

Provides support
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Is informed

Is consulted




[ PROCEDURE
A I n- Process Control
1. In-process control of quality is the responsibil-

ity of the applicable |eadingman under the direc-
tion of his immediate supervisor.

B. I nspection Procedures
1. I nspection Points
a. Units will be assenbled conplete structurally

and presented for inspection to the Production
| nspectors. I nspection points shall be as
foll ows: (I nspection record shall be by
Form 221)

No. I'tem Conpl eti on | n- Process

1. Voi d Areas X

2. Structural Unit X
Assenbl y

3. Sand Bl ast X

4. Structural X
Erection

5. Conpart nent X
Pick Up

6. Conpart nent X
Pai nt

NOTE : Al areas to be released for coatings shall

have pre-inspection by the Inspectors prior
to release for owner’s representative in-
spection.

2. Inspection Points (Owmer & Regul atory Bodi es)

a. I n-process inspections by the owner and regu-
latory bodies is a contractual obligation.
The Builder’s working process interference
will be mnimzed. Errors, onissions and
unsati sfactory workmanship shall be brought
to the attention of the Chief Inspector.
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b. “In-Process” work inspections will be arranged
by the Production Inspectors to inspect work
whi ch is under active construction. Noti fi -

cation for such inspections will, as a m ni mum
be verbal and given 1/2 hour in advance.
“In-Process” inspections will be conducted on

itens as given in Paragraph B.1l.a above. In
cases where the owner or regulary bodies can-
not be contacted, the Chief Inspector wll
carry out the necessary inspection and provide
the owner with witten verification as to the
acceptability of such areas.

c. Inspections which require participation of
owners and regulatory bodies will be arranged

by the Production Inspectors.[ Form be-
low will indicate tine and tyj ' ection
to be perforned.

d. Inspection notices,[ Form 221, will be pro-
vided in duplicate to concerned interests.
On conpletion of inspection; remarks and
comments will be noted on form  Concerned
interests will be notified when remarks and
coments have been satisfied. Remarks and
comments shall be crossed out on the form af-
ter final acceptance by the owner

e. Al major structural voids shall be inspec-
ted by regulatory bodies and owners prior
to closure.

| nspection Process

1.

Non- conf or mances observed during any inspection
are to be marked using a non-grease type chal k.

I nspection cards will be prepared, process and
recorded by the Inspectors foreach unit.

a. Sub-Assenbly

b. Panel Assenbly
c. Min Assenbly
d.  Pre-Qutfit

Sign-of f Inspection cards,|Forn1hb. E—639,|are
provided for fitting, welding and outfitiing
sign-off. After production sign-off is accom
plished (signifies unit is ready for formal in-
spection) the card is turned over to the Produc-
tion Inspectors for sign-off under the inspection
col um.
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4. Sign-off by inspection is the authorization to
ship unit/sub-unit to its next destination.

5. At conpletion of inspection and sign-off by
owners of Form 221, Notification of I|nspection,
a copy of sign-off Inspection Form No. E-639
will be forwarded to the owners.

6. Production Inspectors will inform the owner and
regul atory bodies of regular inspection on Form
221, Notification of Inspection, each working day
by 1500 the day prior to intended inspections,
giving the tine of inspection and |ocation.

7. Notification of inspections which are to be held
on Saturday or Sunday will be delivered to the
owners and regul atory bodies by 1400 hours Friday.

8. In the event an inspection is to be canceled or
the time changed, the concerned interests wll
be pronmptly notified.

9. Conformance to applicable drawings are to be
strictly adhered to. Problens that arise as a
result of drawing errors or faulty workmanship
are to be brought to the attention of the |nspec-
tors who will consult with the owner and regu-
latory bodies for a satisfactory resol ution.

I nspection Locations

1. Assenbly Areas.
Structure
Production Inspectors/Owmers and regul a-
tory bodies as required.

2. Sandbl ast/Paint Building or |ocation as designated.
Surface Prep/Coating
Production I|nspectors Coatings Dept./Oaner
and Paint Representative as required.

3. Ways and Water

a. Structure, (Erection seans & butts prior to
rel ease for paint preparation, shall be ins-
pected by owners & regulatory bodies. Not i -
fication shall be by Form 221).

Production Inspectors/Omers and regul atory
bodi es as required.

b. Final coating inspection as applicable.
Production Inspectors, Coatings Dept.
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HULL UNIT

DRAWING NO.

TYPE OF INSPECT.

LOCATION

DESCRIPTION

ELLTING WELDING

PREO.

INSPECT

Date | Sign

‘Date

Sign

Date

Sign

Recei ving (Pl ate Yard)

Preservati on Process

Daﬁ_l__Si gn

Layout and Burn (rabrication)

ub-Assy or Forming

Sub-Assemblv

anel Assembly

in Assemblx

reoutfitting

rection

Speci al Instructions:

NUIE: Sign-Of by Inspection is
E-639 8/76

aut hori zation to ship.
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F221 COVMERCI AL SHIPBUILDING
NOTI FI CATI ON OF | NSPECTI ON

Hull ... ...
To Local Representatives of:
Date ........c. coooive e
[0 Maritime Administration [ American Bureau of Shipping
[d Owner [J United States Coast Guard

Check one:

The following test has actually been performed by the Contractor and meets all specification requirements. If
the regulatory body inspection officer desires to witness this test, a retest will be performed on

The following test will start on ..........
The Contractor is reasonably sure that the test will meet all specification requirements.

Released by . . ... ooooo oo et i preseny Dae
(Authorized Signature)
MARAD ... oo
OWNER ...
"""" Inspection (Sign) ~ Dept.  Date. BB



V. MATER AL
A Surface Conditions

1. Al plates and shapes nust neet surface conditions
of ABS rul es. Speci al considerations shall be
given to avoid scars and inperfections on |ongi-
tudinal and transverse strength structure as in-

di cated bel ow. Notches shall be avoi ded

a. Longitudinal plates and shapes in mdships
3/5 length.

b. Main deck plating, tank top plating.

c. Shell plating.

d. Box girders.

e. Longitudinals and all deck stringer plates.

f. Transverse web frames.

g. Longitudinal and transverse bul kheads and
attachments.

h. Pillars.

I

Al deck cutouts.

2. Repairs to scars and inperfections of members
included in Paragraph A-1 above, must be made
by grinding, gouging, chipping or welding de-
pending on magnitude of imperfection outlined
as follows:

a. In general, mnor scars may be repaired by
grindi ng.

b. Scars which exceed 3/32” in depth and 1
in length shall be repaired by chipping,
grinding and wel di ng.

c. Repair welds which are generally low in
profile (3/32”) need not be ground.

d. Special requirenments repair welds which are
generally low in profile (3/32”) need not
be ground in interior locations if appear-
ance is not a factor. Fabrication and
assenbly of welded butts and seans on un-
stiffened side of netal bul kheads, interior
and exterior, on superstructure and in
passageways shall be ground snooth where
exposed to view.

3. Scars in non-strength areas shall not require
repair or treatnent.

D-A-9



Lifting pads that are in evidence in F.O IB
tanks and deep tanks shall be renpbved by cutting
neat over top of weld, slag renoved, and sur-
faced suitable for coating. The sane shal

apply in areas that are covered with joiner pan-
el s or sheat hi ng.

5. Sharp edges shall be ground only where they
represent a personnel hazard in a traffic area.
B. Mat eri al Handling
1. Al crafts shall exercise care in nateria

handling to prevent danmage. \Were danmage is ev-
ident, repairs shall be performed before ship-
ping to the next designated work area.



V.

FI TTI NG
A Alignment and Fit-up

1. Alignnment neasurenent -

Difference in | I Deviation from .
Thi ckness Molded Line

M salignment & Diff-
l erence in Thickness

\\ { ! J

M sal i gnment
(Measure this side)

2. Alignment and fit-up of butts -

60° i"

1" § Max.
T 16 Max. \"1\1111\7/ ——
r i 1 '
e TG

-

0" to 1 . :
178"—. 16 Min. l—"- 0" to 1V
— 1 16 Min.
.8_. Max. 3"
16 Max.
T =1/4" to 3/8" T = 3/8" and above
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FI TTI NG
A, Alignment and Fit-up (continued)

3. Fit-up of webs, flanges and face plates -

P
Ty

a
Ty Ty

i ‘_L b

P +
b ! 5_%_% [
e 7| AR

Maximum Allowable Maximum Allowable
a=1/2 T, (Thinner Member) b=1/2 T, (Thinner Member)
T2 N .
l'—— 2
a~y
t I s/ Db
f * | A’ ‘r S —
’\ - |
ugw ugn 7 -
. T v 3(
A | T,
U

Maximum Allowable a = 1/2 T, (Thinner Member)
IIB_B n

Max. Al l owabl e
b =1/2 T

4. Wien m salignnent exceeds the tol erances shown or
additional weld reinforcenent is needed for addi-
tional strength - these conditions will be in-
spected and resolved on a case basis by the In-
spectors prior to welding.

No misalignnent or mnimal msalignnent is the
obj ective during fabrication and erection.
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V.

FITTING
B. Fayi ng Surfaces
1. Cearance between faying surfaces of lap joints

and permanent installed backing bar butt joints
shal |l not exceed 1/16" except as specified on
pl ans. (Does not apply to riveted buck bolted
joints) .

C. Fillet Gap

1. Wen liners and inserts are used and not shown
on drawi ngs, owners concurrence is required.

a 1/ 16" accept abl e.

D { 1/ 16" a 3/ 16”
'¢

increase fillet leg
by *

a .

Gaps in excess of
3/16” which require

Ty —=i _
full penetration weld
nmust be approved on
- - L \ a case basis after
1 - 11/4 T consulting interested
———l parties
At» i T, T T

} 4_5*4 B~ T2+ 2(L + 1 1/4")
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Pl at
1.

Fit-

e Edge Buil d-Up

Pl ate edge build-up where permtted will be in
strict accordance with ABS rule requirenents
and with concurrence of owners and regul atory
bodies. Build-up to be with type of filler
netal specified by the wel ding procedure.

Wiere plate edge build-up is enployed for a
fix, the joint is to be fully prepared and in-
spected prior to release for final production
wel di ng. To conply with ABS rules, arc strikes
are to be avoi ded.

Up Resol ution

I nspector's and owners inspection and resol u-
tion is required if structure make-up cl earance
exceeds plate thickness. Once fit-up per-

m ssion is obtained, work nust be perforned

wi t hout devi ati on.
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VI.

WELDING

A.

Wl ding nmaterials shall be dispersed with utnost
care. Only those el ectrodes which are conpatible
with designated materials shall be used in accord-
ance with applicable welding procedure. Substitu-
tion of welding material is not permtted w thout
prior approval of the Wl ding Engineer.

Errors resulting from use of inproper welding
materials or procedure is cause for rejection of
rel ated work

Positive relation shall be established between
parent netals and filler weld netals on all “in-
process” work. Only approved el ectrodes will be
used for tack or block wel ding.

Wel ds shall be free of cracks or crack-like indi-
cations or linear indications.

The height of reinforcement of a butt weld or seam
shall be kept to a mnimumin the follow ng areas:

Exterior shell

Exposed areas of weather decks.

Exterior sides of deck houses.

On decks that have a covering; weld reinforce-
nment should be 1/16” not to exceed 3/32".

e

Size of welds shall be uniformto required size
and checked with a wel d gauge.

Fillet welds for structure

1. Undercut, at the edge of a weld, which is 1/32"

(0.8MM or 10% of the base netal thickness (which-

ever is less) shall be permtted. Although the
intent of welding procedure (Ref. 13) is to have
no undercut on the underwater body, ABS Rul e
30.5.8 applies.

2. For base netal thickness of 1/2” (13MV) or great-

er, undercut up to 1/16” (1.5MM is acceptable,
provided the total |ength of undercut exceeding
1/32” (0.8MM) does not exceed 15% of the entire
joint length, or 12 inches (305MV) in any con-
ti nuous 36 inches (915M\) of weld, or 2 (two)
intermttent welds in any series of 8 (eight)
intermttent welds.
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Wl ding Porosity

1. Visible welding porosity shall not be acceptable
at oil tight or water tight boundaries. | n ot her
areas porosity shall be acceptable provided there
are no indications greater than 3/32” dianeter,
with no nore than (2) indications in any 6“
length of weld. Excessive porosity on other than
oil tight and water tight boundaries nmay be cor-
rected by filling with fortified epoxy conpound
prior to coating.

2. Elongated gas holes less than 1/2" length and
1/16” in width are acceptable in non-water tight
and non-structural attachrment fillet welds.
Shoul d a general porous condition exist in any
area, the condition shall be corrected.

Overl ap

1. Overlap at weld edges shall be repaired by weld-
ing or grinding to create a snoothly faired weld
edge.

Sni pes

1. Ballast tanks, water tanks, bilge areas and wea-
ther deck areas shall be conpletely seal wel ded.
Sni pes required for drainage shall be sized suit-
ably to effect conplete seal welding.

2. Special Requirement - Al welds up to 6“ above
decks in washdown areas and 6“ above floor plates
in | ower engine room nmust be continuous.

Vel ding Quality

1. Supervisors shall inspect back gouging prior to
aut hori zi ng back wel di ng.

2. Menbers to be welded shall be inspected for ac-
ceptable fit up prior to comencenent of welding,
faults shall be corrected prior to production
wel di ng.

3. Approved sequence welding as outlined in approved
wel di ng procedure shall be strictly adhered to.

4, Rejectable welding shall be pronptly dealt with

as necessary to produce a finished product which
neets applicable rules.
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5. Records of weldor qualifications for hull weld-
ing shall be maintained and be avail able for
concerned parties.

6. Special Requirements - Supervisors shall check
“Tee” joint fitting for any additional weld re-
quired to close excessive gap or unnatched
bevel .

L. Wl d Spatter

1. Renoval of well-bonded weld spatter shall not be
required.

2. Special Requirenents - Al weld spatter shall be

renoved except where permtted by owner. ( Check
with Inspectors for permtted areas such as be-
hi nd joi ner panels, inner bottom F.QO tanks,
etc.).
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VIl . FAIRNESS

A Fairness of all welded structure shall conformto
this chart.

48

46

/
44 / / /
42 @ /

40 - / - / /

» [ & |/ | A

INCHES)

36

/
34 / /

/ ;

= 32 -

S A A A

vV 4 7

2 / a4

§24/ // // @
22 e / 4
20/
18 //

=

1/8 1/4 3/8 1/2 5/8 3/4 7/8

PLATE THI CKNESS (/| NCHES)
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VIl . FAIRNESS

A. Fairness of all welded structure shall conformto
this chart.
48
46
WATER SHALL /
44

42 NOT STAND /

38 /

(INCHES)

36

/,
34 @ / /
32 / /

Z

30

e

28

26

L
e

SPACING OF STIFFENERS

24 ,/

\\ \\

22 /

20 /
18 /
IR [ S R T 1ot 0 1 0 1 RS
1 1 I 1 I 1 1 1
1/8 1/ 4 3/8 1/ 2 5/ 8 3/4 7/ 8

PLATE THI CKNESS (/| NCHES)

SPECI AL ONNERS
REQUI REMENTS

D-A-17 a



Structures not in confornance with the Fairness
Chart shall be strai ghtened by approved nethods to

meet

1.

fairness criteria.

Where heating and shrinking is enployed for
strai ghtening, excessive tenperatures are to be
avoi ded.

1400°F - Max. Med. Carbon Steel (Dull Red
Col or)

1250°F - Max. HTS - AH, DH and EH

M nor damages incurred to plate edges, etc.,
which require straightening by |ocal heating
shal | not be quenched.

Visible defornmties shall be dealt with as re-
quired prior to assenbly.

Straightening by the use of heat shall not nor-
mal |y be enployed on stringer and sheer strake
plating within 3/5 mdship length or on any
area of A-517F (T-1) steel. If a situation a-
ari ses where straightening is required, approval
shall be in strict accordance with ABS Rul es,
Section 30.5.7.

In general, straightening of HTS by use of heat
shal | be kept to a m ni mum

Areas covered by joiner panels or sheathing and

where structural strength will not be inpaired,
shall not require fairing.
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VI,

SAND BLASTI NG AND PAI NTI NG

A

Surface Preparation

1. deaning and blasting requirenments shall be in
accordance with the ship’'s specifications, as
stated in the approved paint schedul e.

Pai nt Application

1. In-process inspections may include m xing of
coati ngs.

2. Care shall be taken to observe that all units
coated prior to erection and before air test
shall have all oil and/or water tight boundaries
taped over far and near with no nore than one
(1) coat of pre-erection priner having been
applied to the area.

3. Production Inspectors will inspect all work
and notify owners when ready for their inspec-
tions.

4. Wiere possible, all rework will be conpleted

pri or

to application of the second coat.
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I X.

Pl PI NG SYSTEM

A

Wl ded parts of inside of the fabricated pipes
(except butt welded joints with backing rings or

sl eeves) shall be finished to suit the purpose of
each piping systemin accordance with the foll ow ng
cl asses:

1. d ass |

Wl di ng beads on inside of pipe shall be fin-
ished by grinding. Wld spatter and slag shal
be renoved.

2. C ass |1

Wl d spatter and slag shall be renoved and wel d
bead cleaned with a wire brush.

For Cass Il Piping System tolerance of pipe diam
eters at butt joints between pipes and connecting
pi pes, elbows or T pieces shall be as foll ows:

t hi ckness of
pi pe wal l

e
—_
11

o
I

t ol erance of

out dia. be-

t ween pi pes

‘ d; and/ or pi pes
_ & pieces

nom pipe dia. d; in.

4

8" and bel ow or 1/8" whichever snaller

above 8" or 3/16" whichever smaller
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C. Allowable Ilimt of welding beads protruding inside
the surface of the pipe shall be as follows:

Z of pipe

- - - - Pipe Al | owabl e
\, | class Limit (s) In
[ s § / I 1/ 16"
; Jd IT 1/8 *
" ‘ b i

l
D. Testing

1. Testing shall be carried out in accordance with
the test menoranda published for the subject

system
X. DI MENSI ONAL CONTROL | NSPECTI ON
A D nensional Control |nspection shall be conducted

in accordance with the guidelines set forth in the
D nensi onal Control GCuidelines Booklet for Comer-
ci al Ship.
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SECTI ON B
DI MENSI ONAL CONTRCL GUI DELI NES
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REFERENCES

1.1 Hul | Structural Procedure

1.2 Commer ci al  Shi pbuil ding I nspection CQuidelines
1.3 Book of Mdld Loft Ofsets

A PURPOSE

This section provides the shipbuilders with the
present rules and requirenents of the Cassification

Soci eties. These Quidelines are subject to the user’s
judgenent and interpretation of acceptable ship-

bui |l di ng practi ces.
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2.

GENERAL NOTES

2.1

2.2

Responsi bility

2.1.1

2.1.2

2.1.3

2.1. 4

Fabrication and Shipfitters shall acconplish
all work in general accordance with these

guidelines; shall be aware of and take cor-
rective action for unsatisfactory itens; and
shall acconplish all initial |ayout and di-

mensi onal checks.
Fabri cati on -

The Production Inspectors shall perform and
docunent, as necessary, the dinensional con-
trol checks.

Assenbl ys -

The Surveyors and Shipfitters shall perform
and document, as necessary, the dinensional
control checks. Final dinensional check of

a unit prior to release for erection shall be
perfornmed by the Surveyors and Production In-
spectors.

Erection on the Ways -

The Surveyors assisted by the “Erection”
Shipfitters and Production |nspectors shal
properly align the unit being erected and per-
form as found necessary, dinensional contro
checks.

Critical Dinensions and Master Reference Lines are
as follows:

2.2.1

2.2.2

2.2.3

W dt h --  Center or Master Buttock
Lengt h --  Master Franes
Hei ght -- Master Waterlines

Locati on of master reference line from neat
end of unit.

Location of major |ongitudinal and transverse
bul kheads, deck, stringers, girders at peri-
phery of units or sub-assenbly.

Location of floors, girders, bul kheads, etc.,
within the sub-assenbly or unit that back-up
maj or structure or engine foundations on ad-
Jacent units.
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2.3

2.4

2.2.4 Al critical dinensions and naster reference

lines to be used will be circled on nold | oft
cards, assenbly sketches or lifted from book
of offsets.

All master references (¢, master buttock, master
franes and master waterlines) shall be clearly

center punched, outlined and identified on the
structure with a contrasting paint or marking pen.
Incorrect master references shall be painted out
once new ones have been established.

Al structure shall be held to the nold |oft |ayout
on the periphery of the unit as follows: Except
curved shell |ayout which should be checked again in
accordance with item 4, 4),

+ 1/4" from normal or
loft bevel

+ 1/8 " from layout

For FB, LS, C/L, T, &
BP Stiffeners

+ 1/4 " from vertical or
loft bevel

+ 1/8 " from layout

For Girders, Webs, & Stringers



2.5 Al neasuring tapes used by |ayout personnel shall
be checked bi-nonthly.

2.6  \Were provided, tolerances shown on detail draw ngs
and Hull Structural Procedures shall supercede toler-

ances in these guidelines.

2.7 For Contai nerships, and Bul k Cargo Ships care shoul d
be taken in the assenbly and the erection of units
in way of the cargo holds to build the |ongitudinal
di mensions to the positive tolerances rather than
negative tolerances in order to ensure a cargo hold
length | onger rather than shorter than that shown on

t he pl an.

2.8 Qut board weld of the outboard stiffeners and | ongi-
tudinal and |ast 18" of deck and bul khead seans shall

be I eft unwel ded where appli cabl e:

Do not weld outboard
si de when stiffener or
longitudinal is within
12" of periphery.

Do not weld
outboard side
when stiffener or
longitudinal is with-
in 12" of periphery

, I' 12" or

| ess
Do not weld |ast 18"
(manual weld only)

Leave | oose 48" or to
first nenber
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FABRI CATI ON

3.1 Fl ame planer to be checked nonthly for squareness.

3.2 Al F.B. and shape fabrication shall be acconplished
to + 1/8".

3.3 Al flanme planer plates shall be checked after burn-
ing to + 1/16", to the loft sketch

3.4 Burni ng machi ne out put shall be checked once a shift
for wdth, length, and di agonal. Rect angul ar pl ates
shall be held to + 1/8". Mrror inage plates are to
be checked for sane di nensional sizes.

3.5 Where specified by loft tenplates in accordance with
Reference 1.1 (Hull Structural Procedure) Section 4,
the burning of container guide brackets and jig plates
shall be checked and held to specified tol erance.

3.6 The follow ng check shall be nade at sub-assenbly:

3.6.1 Al assenblies built to |oft sketches shal
be checked and overall dinensions held to
+ 1/4".

3.6.2 The transverse deck beans after assenbly for
cutouts, chocks and face plate bevels. After
wel ding straighten, if necessary, to hold
+ 1/2" of canber.

3.7 Al'l shaped shell plates shall be checked for back set
and twist after formng to nold | oft common base
t enpl at es.

3.8 A random di nensi onal check at the tine of |ayout or
after cutting and fitting of the followng materia
or sub-assenblies shall be conducted by Inspectors on
a non-schedul ed basi s.

3.8.1 Bars and shapes such as deck | ongitudinal,
bul khead stiffeners, shell stringers, etc.

3.8.2 Wb franmes; deck, bul khead, and shell plates.
Mrror image plates are to be checked for sane
di mensi onal si ze.

3.8.3 Sub-assenblies and conpl ex sub-assenblies
(masts, rudder, major foundations, etc.)
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3.9 The critical dinensions, as designated, shall be
checked agai nst the appropriate |loft card, burning
machi ne, flane planer, or |oft BM sketches. These
shall be signed and dated at the tinme of the check.

3.9.1 If an itemis found not to be within toler-

ance, but usable, a marked copy of the sketch
with comments, shall be forwarded to the next
assenbly work area supervisor for information

3.10 A log shall be maintained by the Production |nspec-

tors at fabrication for all dinensional control
checks perfor ned.



4.

SUB- ASSEMBLI ES

4.1

-

Deck and Bul khead Sub- Assenbl i es.

Loft sketch + 1/4"

/

‘ ——r— —— - ——

" of Y8V
) Master Frame Sq. to & Glo ==
0 ~~1—|—- ] — P oo <
2 N , < S aN
n| - 3 G| - P
. + RSl NN O ot
.3 g ‘8 g Zlwusz +!
Al o

4
ﬁ 2 Mast er
2l &
S| Y But t ock
] |
—
o |
«
-
2 | Loft sketch + 1/4"
(@]

I |
/ ! Yy . __l/
]
g 1" or 2" Stock

4.1.1 Master reference lines (¢, master buttock,
master frane, master waterlines) shall be es-
tablished at tine of |aydown and checked after
conplete welding. The IB seam should be re-
cut to hold half widths to + 1/4".

4.1.2 The neat end should be recut if out of square
from € in excess of + 1/4".

4.1.3 The stock end should be recut if extra stock
exceeds by nore than 1" the extra stock re-
gui rements shown on the lofting information.

4.1.4 The layout for grids should include all bulk-
heads, webs, etc.
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4.1.5 The OB edge should be recut only if recutting
the 1B seamw |l not hold half wdths to + 1/4”

and the neat end square to the ¢ after com-
prete weldi'ng.

4.2 | nner bottom Assenblies -

| nner bottom assenblies to be handled sinmlar to decks.
(See deck sub-assenbly sketch, item4.]).

4.2.1 Citical outboard structure as identified on

— A el e WA I

loft assembly sketch shall b; held to + 1/8"
to align with -wing tank structure.

4.3 M scel | aneous Panel Assenbly -

4.3.1 Mscellaneous panels shall be requested and
checked to loft dinensions prior to |ayout.

After welding, neat edges shall be recut when
they exceed |oft dinensions by 1/4” and stock

edges shall be recut when they exceed |oft
di mensions by |".

4.4 Shel | Assenblies -
Prior to setting diaphragns, |ayout all seam and web

frame | ocations on platen or floor; during assenbly
check the follow ng:

Do Not Weld Top & Bottom

Chocks to Longitudinals
Hold Wire Across

Top of Webs ﬁ\\\‘

A ; l

Hold to Girth ] } wlo ! ] c

from deck ' ' 9 = ! . : ot
Do not weld . 1} Ml Ref. Line ; ‘; Sketch
within 48" of | $ e g Parallel B
periphery.
(Includes ends Loft

of longitudinals) sketch
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Do Not Weld Wthin

48" of periphery.

Check True Frame Space
Sg. to Webs

,ll Loft
é*f 47 _ Sketch
Expanded Fr. 45//'Hold Bevel Angle
Space - Loft S5q. to Diaphragms & Floor
Sketch

4.4.1 Upper and |ower seans to loft |ayout.

4.4.2 Forel/aft butts to |loft sketch - recut neat end
if out more than 1/4".

4.4.3 Wb franme (and any other transverse frane) |o-
cations to loft |ayout using bevel angle held

square to diaphragms and floor - hold all .ps
(or transverse frames to the paye angl e.

4.4.4 Hold wire across top of webs to hold deck cuts
in plane

4.4.5 True franme spacing square to ,pp pl ati ng.

4.4.6 Layout fore/aft ends using girth tapes from
deck - hold all longitudinal normal except
as noted on the plan.

4.4.7 Do not weld the top and bottom chocks on web

franes to |ongitudinal. . )
framed shell). (For 1ongitudinally

4.4.8 Longitudinal shell stringers shall be checked

for their proper angle to the base plane in
accordance with loft assenbly sketch
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4.5

Cont ai ner Qui de Sub- Assenbly -

The contai ner guide sub-assenblies will be assenbl ed
in jigs as outlined in Reference 1.1, Section. 4 (Hull
Structural Procedure)

4.5.1

4.5.2

4.5.3

4.5. 4

The assenbly jigs shall be substantially
braced and shall be checked and repaired if
damaged.

Al structure shall be properly aligned and re-
strained during assenbly to mnimze distortion.

After welding, all double guide cell assem
blies shall be checked with a checking tenplate.
There shall be no twi sting and spaci ng shal

not exceed + 1/16” from design.

After the welding of the outboard truss,
assenbly is conplete and all restraint re-

| eased; t he contai ner guides shall be checked
as follows:

a. Quide cells are within tolerance to check-
ing tenplates.

b. @Quide angles are flat to + 1/8” to a nean

pl ane which is normal to the inboard edge
of the assenbly.
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4.6

Gener al

4.6.1

4.6.2

4.6.3

Provi si ons -
Mock Set-Up -

The Shipfitters, assisted by the Surveyors,
shal |l set up nocks with centerline, frame
and work lines. Mck in “Rough Set” state
shal | be checked by Surveyors and the frane
lines, centerline, height of nocks on posts
or base line on nock plates established.

Al sub-assenblies and sub-units shall have
critical dinensions and naster reference

I ines checked by the Surveyors assisted by

the Shipfitters during assenbly and at com
pl eti on.

The critical dinmensions, as designated, shal
be checked against the appropriate |oft
sketch. A copy of the loft sketch shall have
actual critical dinmensions recorded and shall
be signed, dated and filed for reference in

t he Surveyors office.

a. |If an assenbly or sub-unit is found not
to be within tolerance, but usable, a
mar ked copy of the sketch, with comments
shal|l be forwarded to the next assenbly
wor k area supervisor for information
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5. ASSEMBLI ES
5.1 General Notes

5.1.1 Units nust be assenbled in a level condition.
Errors resulting from major framng inter-
sections (g, longitudinal and tragév@;gg bulk-
head, deck/shell web intersections, etc.) be-
ing out of level can be as serious as failure
to hold nmenbers plunb or check half w dths.
Level plates or shins shall be used to adjust
for plate thickness variations in excess of
1/4”, and weights or pulling gear shall be
used to hold the major framng intersections
within a unit to + 1/4" from a mean plane.

In heavily restrained units such as inner-
bottons where it is not possible to hold +
1/4”, a mean condition is to be established
and the corners of the units shall be re-
strained with wel ded braces or steanboat
ratchets.

5.1.2 Units are to be assenbled on substantial and
rigid nocks. Diaphragm and post nocks are
to be repaired and additional nenbers added
if necessary to support major framng inter-
sections. \Were steel horses are used they
shal |l be positioned to support framng inter-
sections and leveled with |level plates prior
to unit assenbly.

5.1.3 Mock Set-Up -

The Ship fitters, assisted by the Surveyors,
shall set up nocks with centerline, frame and
work lines. Mbck in “Rough Set” state shal
be checked by Surveyors and the frane |ines,
centerline, height of nocks on posts or base
line on nock plates established.

5.1.4 Wth the unit level on the nock, the Surveyor
shall reverse critical reference lines )¢,
master buttock and master frane) to the top
of the unit for erection.
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5.1.5

5.1.6

In fitting shell assenblies, the fore/aft
position of the first web fromthe neat end
shoul d be taken at its md-height in order
to split any error in web |ocation between

assenbly and erection.

Bul kheads shall be held to the layout to

-—— -~ —eane aywU L LU

+ 1/8" and shall be held pl i
* plumb at inte -
tions to + 1/4" in their height. reee

5.2 Innerbottom Units

5.2.1

5.2.2

5.2.3

Hold to

Girth Tape

Z and P/S midship innerbottom assemblies

shall be leveled usinag ¢ and +ha Anthaawa
girder. Forward and aft innerbottom assem
blies having no outboard girders shall be

| evel ed using the tank top outboard.

In fitting shell hold plate girders and
shel |l longitudinal inboard plunb to the
tank top layout.  The |ongitudipal  out-
board of the outboarg gir&grlgﬁd]all 3ther
| ongi tudi nal shown on |oft sketches as be-
ing nornmal shall be laid out with girth

tapes prior to fitting.

On longitudinally framed units check hei ght
of every 2nd longitudinal fromthe tank top
to loft offsets and tenporarily brace if
necessary prior to shell installation.

Hold Plumb to
T.T. Layout

\lif_l_ijTJ_JJ_’

— -

| I I R R I D

I

Hol d Loft O fsets
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5.3 Deck/ Shel | Assenbl i es

5.3.1 Shell assenblies shall be set to loft off-
sets using a buttock established by the
Surveyors.  Care nust be taken to neasure
half widths froma neat cut |ine established
by checking heights fromthe deck as, in
severely shaped areas, errors in height can
result in approximately equal errors in half
wi dt hs as shown bel ow

Error in Height

Resulting error
in half width

Working half width
Hold to + 1/4" plus \

0" to + 1/4" for shrinkage. ‘\<iit\r

N

Design
Height

Half widths shall be held to + 1/4" with an
additional 0 to + 1/4" added Ffor shrinkage de-
pending upon the shape and experience.

5.3.2 Wing tank assemblies shall be set to the long-
itudinal bulkhead in lieu of the shell plating
due to the possible errors outlined above.

The lower edge of the bulkhead shall be held
to + 1/4".

5.4 Wing Tank Units

5.4.1 Wing tanks not built in special mocks shall be
built on level mocks adjusted for plate thick-
ness variations in excess of 1/4". Care must
be taken in setting webs to bevel agnle if
mock base is not parallel to ¢.

5.4.2 Prior to setting up mock diaphragms, layout
the periphery of the longitudinal bulkhead,
knuckles in longitudinal bulkhead, upper and
lower shell seams, and transverse webs on the

assenbly floor or platen. During assenbly
check the foll ow ng:

a. Upper and |ower seans and knuckle |oca-
tion for |ongitudinal bul khead.
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b. Upper and |ower shell seans.

co Fore/aft butts to |loft sketch - recut
neat end if out nore than 1/4".

d. Wb frane (and any transverse frane)
| ocations to loft |ayout using bevel
angl e held square to diaphragns and
floor - hold all webs (or transverse
franes) to bevel angle.

e. Layout Ilongitudinal bulkhead to |oft
assenbly sketch

Hol d transverse webs and floors to |ayout and
plumb to + 1/4".

Hold plate stringers to layout and check angle
in erection plane to that shown on assenbly
sketch to + 1/4".

Use girth tapes to layout and check shell
stringer |ocations.

Shipfitters shall reverse naster references
(master frame, waterlines, etc.) prior to
novi ng from the nock

Units shall be welded to the maxi num extent
practicable and in all cases block tacked on
the overhead side prior to noving or turning.
After nmoving and turning for welding, no weld-
ing is to be done if there are broken tacks
until the unit is returned to a level condit-
ion.

Wien dealing with wing tanks with open webs

and struts hold half breadths between | ongi-
tudinal bulkhead and the shell to + 1/4".
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5.5

Box Grder Units

5.5.1

5.5.2

5.5.3

5.5.4

Wiere a nock is required by the assenbly pro-
cedure to assist in holding the unit flat and
square, it shall be checked prior to each
assenbl y.

Were the shell is fitted pieceneal, |ayout
the fore/aft ends using girth tapes fromthe
decks. Hold all 1ongitudinals normal or

parallel to the decks as noted on the plan.

After assenbly and prior to welding, the flat-
ness of the assenbly deck or plane shall be
checked, as well as the wi dth, heights and

di agonal s at each end of the |oft assenbly
sket ch.

Wiere two (2) units or assenblies are joined
prior to erection, care should be taken to
insure that both units are straight and wth-
out twist. This shall be nonitored during
wel ding and wel d sequencing shall be used to
control or correct deviations.
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5.6

5.7

5.8

Side Shell Units

See Section 4.4 and Paragraphs 5.4.3, 5.4.4, 5.4.5,
5.4.6, and 5.4.7.

Contai ner Guide Installation (Bul kheads and Webs)

5.7.1 Structural fitting and major welding shall be
conplete prior to container guide installation.

5.7.2 The unit shall be securely restrained to a
| evel nock and all container support webs
checked and level prior to container guide in-
stal | ation.

5.7.3 After guide installation is conplete, they
shal | be checked as foll ows:

a. Quide cells are within tolerance to
checking tenplates and at design distance
off ¢.

b. Quide angles are flat to + 1/8” to a
mean plane and that plane—+s parallel to
t he pl ane of the bul khead.

Cont ai ner Qui de Truss Assenbly.

The container guide truss will be assenbled in a jig
as outlined in Reference 1.1, Section 4 (Hull Struc-
tural Procedure)

5.8.1 The assenbly jig shall be substantially braced
and shall be checked and repaired if danaged.

5.8.2 Al structure shall be properly aligned and
restrained during assenbly to mnimze dis-
tortion.

5.8.3 After welding is conpleted and all restraint
rel eased, the container guides shall be
checked as foll ows:

a. Quide cells are within tolerance to check-
ing tenplates and at design distance off

g.

b. Quide angles are flat to + 1/8” to a nean
plane and the forward and—aft planes are
3'-8" apart and parallel.
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5.9 Speci a

Units

59.1 Compl ex “3-D units shall be built in gen-

5.10 Gener al

5.10.1

5.10.2

5.10.3

eral accordance with the guidelines outlined
for simlar units. Particular attention
shoul d be paid to holding major structure
(deck, bul khead, shell w ng tanks, stringers,
etc.) to proper heights, half w dths and
fore/aft position at the erection planes.
Critical dinmensions shall be checked to |oft
assenbl y sketches.

Pr ovi si on

Al units shall have critical dinensions and
master reference |ines checked by the Survey-
ors assisted by the Shipfitters during assenbly.

Upon conpl etion of unit assenbly and prior to
rel ease of the unit for blast, paint and erec-
tion, a final dinmensional check shall be per-
formed by Surveyors and the Production In-
spectors.

The critical dinensions, as designated, shal

be checked agai nst the appropriate |oft sketch.
A copy of the loft sketch or unit sketch shal
have actual critical dinensions recorded and
shall be signed, dated and filed for reference
in the Surveyors Ofice.

a. If a unit is found not to be within tol -
erance, but usable, marked copy of the
sketch, with comments shall be forwarded
to the next Erection Supervisor for in-
formati on.
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6.

ERECTI ON_ON THE WAYS

6.1

The critical dinmensions and nmaster reference |ines
established in the Assenbly Area shall be used for
regul ation and aligning units on the ways. Under no
circunstances should the shell half w dths be used
as this includes the error resulting from plate burn-
ing, welding and trinm ng.

6.1.1 The Surveyors shall establish the master ¢ on
each deck as fitting and wel di ng progresses
to hold it.

6.1.2 During the initial erection and welding of the
i nnerbottom the keel condition and the tank
top at €, outboard girder and an inboard gird-
er at about 1/4 breadth shall be checked by
the Surveyors and plotted weekly.

6.1.3 Care nust be taken to hold deck to deck
heights in erecting units in order to insure
alignment with multi-level units forward or
aft.

6.1.4 Care nust be taken in erection of main trans-
verse bul kheads, |ongitudinal box girders,
transverse bolted box girders and hatch coam
ing to maintain the design height and a | evel

pl ane.

6.1.5 At no tine wll nore than 1" of stock be re-
moved wi thout approval of the Erection Super-
vi sor.

6.1.6 The deck or tank top conditions below cargo
doors shall be nonitored during erection.
Units containing cargo doors shall be regulated
in accordance with the follow ng procedure:

a. Mol ded |ine of deck above to bottom of sill
of each door at inboard and outboard cor-
ner shall be verified to be correct.

b. If (a) is correct, unit shall be regul ated
to achi eve proper deck height at door.

(Assenbly Area is to take extra care at
instal | ation)

C. If (a) is not correct within reasonable

tol erance, 3/16"; the door shall be reg-
ulated within tol erance.
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6.2

6.3

d. Unit shall be scribed to neet (b) or
(c) as applicable.

e. Seans under door sill to be ground flush
and sill to be shimed as necessary to
provide positive contact with deck. Wl d-
ing to be conpleted on bottomsill only
after unit is welded to deck and door
coaming is welded to bul khead.

Contai ner Guide Units (Erection)

6.2.1 The length of each main cargo hold between
bulkheads must be held to + 1" in order to
insure proper installation of the container
gui de system

6.2.2 Care nust be taken during the erection of the
units in way of cargo holds to hold the pre-
outfitted container guides flat to + 1/8".

6.2.3 Care nust be taken in the erection of the
gui de truss assenblies or internediate webs
to hold the height (the top of the guides are
neat) and the design di stance across the cen-
terline butt.

6.2.4 Al container guide units shall be erected so
as to maintain the tolerances specified in
Reference 1.1, Section 4 (Hull Structural Pro-
cedure)

The Surveyors, assisted by the “erection” Shipfitters
and Production Inspectors, shall align the unit being
erected on the ways with previously set unit, utiliz-
ing master reference lines and critical dinensions
established in the assenbly area and record necessary
data on designated |oft assenbly sketch. The scribe
cut di nension as agreed upon shall be used by "Erec-
tion” Shipfitters to insure proper alignnment of the
unit.

6.3.1 Critical dinmensions for each erected unit shal
be recorded, signed and dated on designated
| oft assenbly sketch and filed in the Surveyors
Ofice.

6.3.2 A copy of the final critical dinensions, scribe
cut dinmensions of each erected unit as well
as the deviations from nolded hull form shal
be forwarded to the Ship Superintendent.
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